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1 deeply regret the necessity of making a correction of many pages 
of this hook. The person there spoken of as ‘ the present Mr. Dent * 
( is proStent no longer, fiav?r t ’,died on the 25th o 4 * April. His name was 
* formerly Frederick Rippon, and he changed it by desire of his relative, 
Mr. E. J. D»*nt, on 3ucceeding 10 the principal part of his business in 
i 8®*3. His reserved habits prevented his great skill and scientific 
acquirements from being as well known as they deserved. They were 
by no means confined to his own art. 1 scarcely ever asked him a 
scientific question on which he could not either give me information at 
01 ice*, or where 10 find it. It will naturally be expected that 

I should say who succeeds him in the business of tliose now celebrated 
shops at ,61 Strand, and 34 Royal Exchange. But 1 cannot do so 
yet ; inasmuch, as the will which he had made (after his wife's death) 
leaving hiis property” to various friends and connexions for whom he 
whs known to have, great regard, and making provision for carrying 
dn the business, wastfound to have been bur t shortly before his death, 
and not tiy his own hand, under circumstances so suspicious, ttyit it 
would be the obvious duty of the executor whom he had appointed to 
have them rigidly investigated, even if lie had 110 interest in it ; and 
they seem likely to form the subject of a very remarkable ‘will cause.’ 
It will soon be known that I am that executor, as I had been ifeore, 
jointly w\th him, to the 11 , st Mr. Dent. My acquaintance with ttyhn 
was at first' only horological, but grew inta great intimacy and esteem 
for them both. 


33, Queen Anne 1 treet ; 
July, i860. 


E. B. D. 
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INTRODUCTION. 

• • ’ * * 

Instead of writing a preface afterwards, I will say the 

little I have to say by way of introduction here?* 

When this book first came out in 1850 thejje was 
nothing of the kind in existence ; and so Tow was thfi 
state of horological literature in England, that Reid’s 
old treatise on clock\*ork, a meire clockmaker’s %ook of 
tlic last century, a great part, of which had become* 
obsolete, was republished, I think, without any altera- 
tion. about the same time. The want of such a book 
this lias been amply proved ky the sale of^ nearly, 
7§oo copies of the fir^t edition, besides smalleOiumbers 
of two subsequent ones, which came t <5 be publi^ied* by a 
different publisher, ttius : In 1854, Messrs. BlacJ: of 
Edinburgh, the publishers of the new (<Sth) edition of the 
Encyclopedia Britanjiica , asjtpd Mr. Dent * to revise the 

* It will save trouble to explain at gnee that, flienevef I paeiflion Mr. 
^ent, I mean either the late Mr. E. J. Dent, who tied in 185^ afters 
raising himself from the position of a tallowchandler’s apprentice to that 
of the first horologist in the world, or qlseAhe presftit Mr. Frederick Dent, 
a gentleman of equal scientific knowledge, who succeeded him in his clocks 
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old <^*ticle on clockmaking foy them, which had been 
‘ priginaliy written by that same N ^\fr. Reid, a celebrated 
'clocknaker ( in Edinburgh, stnd f was the foundation of 
r his book. lie replied that the article in the last edition 
was quite behind the scieiice of the age, and ought to be 
entirely rewritten ; arid tfre^ result wa ( s, that I wrote a 
r «jiew pne y whTqJi was^also published from the same type 
in a small voluipe in 1855. If was in fact an abridged 
' ed&ion of tlic original Rudimentary Treatise , with the 
* addition of such new matter as had arisen in that period 
of five years since the first edition, which included the 
Greaf Exhibition of 1851. 

Iif r&yy Messrs. Black published a new and enlarged 
edition of that book, under the title of Clocks and 
Leeks /) because it contained also the article on locks 
which* <1 hac| jvriften in the mean time for the Encyclo- 
pedia, with the account of the Westminster clock, 
carried up to the end of 1.856. Therefore, although no 
2nd or 3rd editions have ever appeared in Mr. Weale's 
scries under the name of a Rudimentary Treatise 
off. Clocks , this is in reality the 4th edition that has 
been issued within ten *years. From the large number 
' which i£; is intended print now, it is not likely thafca 
5th will be required for a good while, and therefore I 
shall do-all I can to make this as complete as possible 
for the thing which it professes to be. 

« First, I mean to rc- write the bhok entirely. In the 

' course bt ten years, any book on practical science must 
„ * 

« , 

v factory, .where the Westminster clock was made, and in his shops in tin. 
Strand and ltoyal Exchange, and all his patent rights ; and that f do not 
mean the owner 01 the- diop of the same name in Oockspur Street, who, I 
Vclieve, is now r lady. 
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havo become in mkny pa$ts unsat^factory^o the.^hor,* 
unless his own knowledge has stood still ; and If is les# # 
trouble to write thingj* afresh, than to ]&teh theta up* 
with emendations, if much # emend«tion*isk*cpquifed. Of. 
course a great deal of the book will still be the Same in 
substance ; but *a f considerable quantity of new paatter 
will be added. Af the same Jime, I shall jeomprass, 02» 
shorten, or omit various things whioli Uhve become 
obsolete or useless since the t first puSlication, excfcptj 
where they still have some interest as steps in the 
progress of invention, or where it is benevolent to warn 
people against wasting their time in inventing them t 
again. I hope the improvement in the printing of this 
edition compared with tlie f first will be observe^ to the 
credit of tlic publisher. A fe# o*f the old*woodcuts^are 
used, but the great majority are new,*an&unucn better 
than in any of the nrevious-editions* 

I mention especially as nbw matter* to be added, the 
description of some clock escapements tfhich have •corns 
into use since the first editioh ; and also the complete 
history and description of the great clock of the Houses 
of Parliament, and its bells, up*to the present time. In , 
* 5 °, when I published the fir*t # account of ^} 1C pro- 
ceedings, the clock if self was not begup ; anS in* 1857, 
when the last editiop of this hook was writtcn, # thc clock 
was still in Mr. Dent's factory, a^d only one of the . 
bells cast. I am tolu that^many people are gurious toJ 
see a complete history of ■fhc strange circumstances by* 
which the work has been now delayed for n& lass than 16 
*ycanB since the negotiations began. •it is not arro- 
gating much to myself to £ay, thattthefe is no other 
person living who has the means of wtiting a trite 
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■ hist^ * of t\ii business, if wished ; and I have 
certainly n<Vt yet Seen much indication of any desire to 
do tffiit on iVe part of any °ol jibe numerous authors 
* vflhom the subject hrfe called forth ; nor was any to be 
cxpectetl, considering who }iave had to be disappointed 
and defeated, not ojj^e, but, many tipacs, in the course 
«bf getting that* clock ai}d those bells up into Sir C. 
Barry's tower. <- “ 

t 3 f shall add a chapter 4 on bells ii\ general, as a sub- 
ject intimately connected with clocks, and one on 
which I know by experience, when I had to take the 
responsibility of designing the Westminster bells, that 
there isTiothing of any practical value to be learnt 
from apy book that I coutd find in this or any other 
laitgm^e ; and it is cl 6 ar that there is a good deal 
more to be l^rnt 1 yet, especially as regards the casting 
of large bells. I dt> not believe th^t a really good bell 
of five tons weight has •b'fcen cast; within the last 200 
years. u 

In this edition, as in the former ones, I shall notice 
every new invention in horology which seems likely to 
% be of any real value. I am only sorry that there are 
not mole of them ; bit unfortunately the clockmakiifg 
trade is perhaps, the most stationary of all the mechan- 
ical and scientific trades. In large towns, where there 
arc men of *notc(\ skill in other ^ranches of business 
^of similay character, tlfcre ‘are now actually fewer 
K who have the reputation * of beingk clever watch and 

clockrrfiikersUhan I remember twenty years ago;* and 

\ <* * * * 
* * 

* I see that substantially the same remark was made in a pamphlet 
published by Mr, 6. Froflshiun, hrmsrilf a chronometer maker, in 1 849, and 
i^'sceins to me td get more true every year. 
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the resistance* to ^improvements, either ip construction,* 
or in the modes of carding on the Jmsine^s, is dSimosJ* 
enough to baffle the efforts of the few makers who are* 
anxious to effect them. As for £he art <jf large-cloq^- 
making, we were scandalously behind the* French in it 
a few years ago, uijtil the late Mr. Dent set up a 
factory of his own, and begah *a rejfcluti^n. ‘in thq« 
manufacture of such 'clocks in consequence of a 
combination against him, and reduced their p^ce* 
as much as he improved the* quality ; which, I •have? 
good reason for believing, is the true reason of the 
animosity which has long raged against him, and every 
body who supports or assists him or his successor. I 
do not know that a severer satire could have been 
written upon the state of thaj branch of # tlie*art, tjian 
was published by the London Company of-/ Clock- 
makers themselves in 1852, in a memorial against the 
employment of M#. Dent J;o make -the Westminster 
clock, wherein tliey 1 declared that the* Hotel de Yille 
clock at Paris, made in 1781* was still the best public 
clock in the world ; which proved at any rate that «the 
memorialists were not only innocent but ignorant of 
fcny improvements made in tlie^ast 70 years, pnc^weiD* 
determined to prevent anybody else from introducing 
them if they could. As nine out of *ten of 4 ;he turret 
clocks supplied by the so-called clock^ and watch- 
makers both of London and, the country, are made fov .. 
them on commission by/ap few manufactures in th4 
east of London, no doubt k is inuch pleasanter for 
# thcpi all to go on in the old way, thtm to liaise these 
alterations in construction and price forffcd down their 
throats by two or three ehtSrprising m$n in Londpn 
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• • 

**and4he nortfe, who have sonm regard for science as 

* yell as fooney. * • 

• I know by Experience that* some persons will be dis- 
t appointed bemuse they do not find this Rudimentary 

Treatise almost as easy r&acting as railway literature. 
The jrnly rudimentary treatise I^am acquainted with, 
Vvhich ‘doefc not require kome previous* Itnowled ge, is that 
one which <*>nsi§ts of the alphabet in large letters ; and 
’even that is ndt always found an easy and pleasant 
% stud^, and if not to be mastered vAtliout more atten- 
tion than is usually bestowed on a novel or a news- 
% paper* I do not believe that the real rudiments of 
horolbgical knowledge can b§ taught much more 
simply than they are here. * They may be slurred over 
and pretended to be'tawght when they are not; or 
they nSky be^ssi|med to be known, and so a book may 
bd made to look easy by being exactly the opposite of 
rudimentary. Ft>r instance, I migftt put down certain 
conclpsions respecting pendulums and escapements, 
and leave out all the calculations by which they arc 
drained, and so free these pages from the horrifying 
appearance of algebraical formulae. But to call such a 
Book* a Rudimentary treatise would be an imposture 
At the same time, those who are tfot in a condition to 
follow the mathematical proofs, will find plenty to read 
without them; or they may, at any rate, accept the 
conclusions as readily as if the. proofs had been omitted 
Jor the Sate of making the ^ook look easy ; and after 
all, it if only a snjall person of the subject which is 
afflicted with an f mathematics. 

.Having thiis explained how far this is a new book, 
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• • 

and what you*may expect to find in it, may as,weUL» 
begin business by considering wliat tjiat thing is which* 
clocks and watches aH intended to measixq. Yoi* neei 
not be afraid that I Aiean to enjbad^ on a metaphy- 
sical disquisition on the fiafrure of Time:* I onjy want* 
to explain that the things fcalled days, hours, minutes, 
and seconds, are *©f several different lengths, aiid are. 
reckoned from different epoejis, with reference to the 
sun, the stars, and the purposes of common life; §nd* 
that that which is The most commonly used of all is a e 
purely arbitrary and conventional kind of time, agreeing 
with no real motion of any one of the heavenly bodies, 
or of the earth, or anything in nature. • 1 

% 

. 

SIDEREAL, SOLAR, AND MEAN TIME. 

• 1 

A sidereal day is simply the time of* one absolute 
revolution of the c^rth, without reference to the sun or 
any other body in tlih universe*; hut tliq only practicable 
way of measuring it is by .observing two succ'essivte 
transits of the same fixed star over the meridian of .the 
place, since the fixed stars ai£ at what may be called 
jn infinite distance; and the only accurate^ way of* 
doing that is by a tedescop^nounted across in cast and 
west horizontal axis so that it can cfnly mqve in the 
meridian or north fend south plane. Such a telpscope 
is called a ‘ transit Aistrument/ Tlfis absolute revolu- * 
tion of the earth js the only motion or periscl which is 
both perfectly invariable fend. directly ob^prvable in the 
* whole solar system ; and therefore, little as*we # hear in 
general of sidereal time, and widely as # it differs from 
ordinary clock time, yet ill fact all the -clock time in 
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\ 

•>the ssprld is k#pt in order by ^he sidereal observations 
piade by the transit instruments, of observatories and 
hy calculation^ made therefrotti.* • 
a JBut what is 24 01$. o o'clock at any given place by 
sidereal time ? It is when a certain imaginary point in 
the heavens called r (the t first Jpoin(; of Aries), the 
intersection of the equhtor and the Ecliptic, passes the 
meridian ofithat place. «And 'it must be remembered 
that this t has* a very slow motion* backwards called 
' precession , amounting to 50" of space every year, which 
is equivalent to 3-V seconds of time ; so that, after all, 

( the sidereal day of astronomers is not quite identical 
with^-the period-of two successive transits of a star, but 
is nearly the hundredth piirt of a second less ; and 
in 26,600 years the" sidereal time of astronomers, 
measmVid bv thisipinvisibleopoint and their clocks, will 
have counted one full day more than if it had been 
reckoned by the visible star-clock of the heavens. As 
T is not a thing observable by telescopes, the way to 
And 24 o'clock sidereal is to observe the time of 
transit of some star whose distance from r in sidereal 
time, or in right ascension , is given in the Nautical or 
' somd ot^er almanac fipr the year, and then you kno^ 
whether your clock is ^ht, or how much it is 
wrong* ‘ 

A solar day is the interval between two successive 
_ ^transits of the middle of, the £un ^over the meridian : 
«$md befoape that can happen the eartk.must make rather 
more tlym one absolute revolution, because* it is moving 
on in its orbit found the sun at the same time and in • 
the same dif^ction as it turns itself. Consequently 
th,ere is one more sidereal day in a year than there are 
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sidf.rkaV, solab, a&d mean TIME.' 

• i 

solar days, and the average solar day , is 3 sidqreal^ 
minutes and 56*555^ seconds longer, than the tsidereal # 
day, or in the ratio of* *.*02738 to 1. Solar time 4 s no* 
longer shown by anything but sun-dials; and they ayp 
almost obsolete and useless,* except for a mere solar 
noon-mark, whiqh affords a convenient and easy way 
of keeping clocks near enough tt> the tijhe fof all ordi-> 
nary purposes, as will Ufe explained presently. *It was 
the fashion in France, so late as 1826, to make the* 
public clocks show*solar time, either by altering them ; 
nearly every day to suit the sun-dial, or by some 
complicated machinery ; but that is now univtrsally 
abandoned. '• • E 

Since the ecliptic or the* earth’s orbit round the sun 
is oblique to the equator, solar # days could not be equal, 

^ even if the orbit were a circle and tli<| distance moved 
in it by the earth every day were tjie same; but it is 
an ellipse, with one end nearer to the sun than the 
other, and the earth* moves faster whep it is near the 
sun than when it is far off*; and these two causes 
together (the former more than the latter) make the 
solar days vary in length considerably ; so much, that 
Ijiey are a minute longer in ^ecember, ancj half a ’ 
minute longer in Jnine tl^n in 6eptember**or April; 
and if a common clock which goes perfectly right is set 
By the sun-dial in November, it will be half an* hour ’ 
before the sun-dial uy the 10th of February. Hence it , ‘ 
is that the afternoons appear to get dark t6c> soon in’, 
October and November, and c.re so ^muclijighter at an 
*equ$i time after Christmas, and th^ momii^s the 
contrary. t 

Mean Time. Although the length ofjthe solar day 

*3 
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* ♦ 

^is tl^jis variable, that of the year is invariable,* though 

* jt is vo ^htegrgil number hi r days. Consequently 
« ther e l is an f average length ©f < stflar day which is just 

^s constant fronj. year to year as* the sidereal day itself ; 
and thjs conventional average day is the one which 
has long been adopted fob all civil and many astro- 
nomical t»urpe|es, dSd it constitutes what is called 
mean time. «’ The differeijpe between it and solar time 
-is galled the Equation of time, which is sometimes as 
'-much as 14 m, one way and 16 m. the other. The 
following table, in the convenient form in which Mr. 
Dent ^annually publishes it, shows what time the clock 
ought to indicate at solar noon by a meridian instru- 
ment ; remembering that this time has to be further 
corrected for the longitude to show what the Green- 
wich ifc.ean time as at the .moment of solar noon at the 
piece where you arp. 

The equation*’ is not quite the* same evqry year, 
because it movgs on about a qu&rter of a day until 
leap year comes and puts it back again. But this table 
wiK be very nearly right for 1861-65, and every first 
year after a leap-year fgr a long time to come. And 
' for the ^second year $fter leap-year it will be riglj£ 
enough if* *you subtract \ of the difference between any 
given day and the next, in this table, when the figures 
"liga increasing: e.q. on 1 Januarv 1861, the clock is 
^before the sun 3m. 58, sec. ; and on 2 January, 

* V * f * * 

* * This is not strictly true, as we are,iiot speaking of the sidereal year, 
which is tlft iu?7arial)le,]ength,*^65 d. 6h. 9 m. 9*6 s. (mean time), but 
of the tropical year,«ror the time of annual passage of tho earth or sun * 
from to qp agayi, which is now 365 d. 5 h. 48 in. 497s,, or 365*24224 
days, but was 4*2fsecoii ds longer in the time of the first great known 

’ astronomer, Hipparchus, 2000 years ago. See UerscheVs Astronomy. 
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SIDE IlEAL, SOLAR, AND MEAN TIME. 

4m. 26 sec.; the difference between which is 28 *cc. 
and therefore the tipae of solar noon on 1 January, 1 
1862, will be 3 m. 51 sec.; and for 1C63 it will be* 
3 m. 44 sec. But when the clock time in the tab 1 ? 
is decreasing, you must add J of the difference : e.g . on 
1 September, it .is H‘59*5p, and on the 2nd, 11*59-31 ; 
adding a quarter* of the difference or nearly 5 sec. 
gives the clock time for* 1 September in the following 
year (the 2nd after leap year) right? within 2 so#., ‘ 
which is quite as near as you can observe with* any 
meridian dial or instrument short of a transit tele- 
scope. For the third year after leap-year you must 
of course add or subtract £ instead of £ of these diffe- 
rences. Leap-year itself* must be treated in the 
opposite way, adding instead pf ■subtracting a quarter 
of the daily difference and vice versd , as fa back 
as 1 March, and then 29 February must be treated 
as if it .were 28 Bebruary,* and so on back^ to the 
beginning of the year. 

In setting a mean time clock by sidereal observations’ 
you have nothing to do with the equation of time, which 
only relates to the sun. Sqme common almanacs. 
Insides the Nautical, give the mean time at which 
certain stars and planets pass thd meridian of Green- 
wich, and then the operation of setting the* clock is 
simple and obvious eliough. But it should be observed 
that astronomers* mean time has no a.m. and p.m., but ’ 
is reckoned up to 24 hours from the noon after the 
midnight at which the civil day is cpnside^ed to begin. 
<Thug 11 a.m. t January i860, of common l ; fe was 
23I1. 31 December 1859, with astronomers. Without 
some of the data which are only to be fofund in such 
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* ON T1JE MEASURES OF TIME. 

« i 

-an almanac, itc is of no use attempting to find the time 
' £rom siieroal observations, ancl .therefore it is not 
nvortb while «t6 give any less 0 simple modes of doing it 
t fpom other dajba than^those just Mentioned. 

But you may regulaie the rate or going of a mean 
clock from siderenj observations wjthout the aid of any 
Stables nr istrofi^micaT'flata, though you cannot set it to 
the actual ^time. The mean" day is 3m. 56*55543. 
'sidereal longer 'than a sidereal day; and therefore 
^sidereal hours, minutes, &c., may be turned into mean 
ones by multiplying them by *99727, or by subtracting 
,9*83 seconds from every hour, and 1 second from every 
6m. ■ 6s. And as the 3m. *56*558. sidereal = 3m. 
55*73. mean, the mean clock ought to show so much 
less at "flic second transit of a star, tlian the time it 
showedtat tlie^ firjt transit.# 

‘This operation mjiy also be performed with sufficient 
accuracy without a transit instrument. Fo,r if you 
make a small eye-hole in a thin' plate, fixed looking 
south, mpd set up, or find anywhere due south of it a 
perfectly vertical straight edge, the occultation or 
emergence of any given *star against. that straight edge 
will be %een through the eye-hole at exactly every 21 
sidereal hours, or at every 23b. ‘56m. 4*3s. of mean 
time. • And it is* not necessary for merely regulating a 
clock/ that the hol^and the edge should be very exactly 
^n the meridian, if you oqly use it for observing stars 
oiot far from the equator. 'Bpt if you aim at using it 
for setting* as* well qs regulating^ your clocks, with the 
help of<astrononfical lables, then you must take caije to*- 
have the hofi an<jl the edge exactly in the meridian. 
Probably the’, best way of doing this, is to fix the plate 
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by carrying the time by two or three chyonomete^p of ( 
known rate, from the Nearest ofeseryator^ u^ng th^ 
almanac time of the sdjithkig of one or hmdijs stars. 

In all operations fo# setting clicks .fiaom any kin£ 
of celestial observations, # y6u must rerhemb^r the 
difference between jfour twn longitude and that 
which is the standard of the c^!fntiy, # ^vhich isf'liere , 
the Royal Observatory a IT Greenwich ; though it is'only 
since the publication of the first edition of this bopk - 
that some places in the west # of England have .con- 4 
descended t(? adopt that universal time, ancf others have 
compromised the matter by putting two minute hands 
to ^heir clocks, one for Jbocal and the o therefor Green- 
wich time. Christ Church? Oxford, keeps both times 
by different clocks, the cathedral still adhering # to 
local time, while 6 Tom 9 (whqse clock jeeras nob much 
better than himself) professes Greenwich* time, and so 
do the pther collage and. town clocks now. The 
meridian you use in list be the true oije of the place, 
and not a false one adapted to Greenwich befj^eliand 
(unless the longitude is very small) and tlfe correction 
must be made at the rate of 491. to a degree of longi- 
tude. For instance, in using the above equation fcablo> 
at Doncaster, 4m. *2s. must be* added to* # the time 
throughout ; for on the four days in thfe year jrhen the 
equation is nothing Jidie Greenwich^ clocks will show 
oh. 4m. 1 2s. when tne sun l^as reached the Doncaster 9 
meridian. Here is a tabl^ # of some forty to\f n«, show- • 
ing how much the clock oughb to b<p before or ^behind 
%olai; time if it is to agree with Greenwich, or ^fhat is 
popularly called railway time ; i. th^ time which 
railway trains profess to ked^, *but never ^Jill regularly, 
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until the companies are made to forfeit their fares 
r whenewr fcfiey c\.o not keep {he f time they choose to 
• publish. , • • . .* 
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„ INSTRUMENTS FOR, MEASURING TIME. 

* ° . 

At the head of thesaof course stand the oldest of 
them all, sun-dials. But it would be a waste of time to 
say much a^out them, except in the forms in which 
‘hey may b£ made subservient to the more useful and 
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SUN-DIALS. 

• 

accurate machines by which they Jiave been superseded, t 
The principal feature # qf all sun-dials which fiave^o indi-* ' 
cate other hours besiScs lioon is a gn&jnon, with a * 
straight edge, or pair of £dges, parallel to4;l£s earth’s axis* 
and therefore inclined to the Horizon at an anglo equal 
to the latitude of .the place, with a nlatp for the gnojmon 

, to throw a shadow 9 on. Thus an indiatf sun* ditfL has i 

# # 9 

its g^pmon nearly level, a*nd a polar one;woifld be quite 
upright. If the plate of the dijd is a cjflinder of whieh 
the edge of the gnomon is the axis, alj the hour 
divisions will be equal, but not otherwise. The divisions 
before and after noon are equal when the plate is either 
horizontal both ways, oy*inclined only tt) the soutHJ or 
vertical on a south wall. Sometimes they are set in 
other fanciful positions; in whatever position tlie plate 
is, the same hour marks will do for all times of the year, 
provided only the gnomon is parallehto the earth’s axi§. 
But all that belouga* to the art^of dialting, whigh may 
be found in any of thh encyclopaedias, and is of nq use 
to us, especially as sun-dial • observations cannot be 
relied on with any accuracy except when the sun*fc 
near the meridian. • 

•Meridian dial. A solar meri^an mark 01; ifun-dial* 
for noon only is intelhgible and usable by maify persons 
who cannot or will not undertake sidereal observations, 
and is so easily madefthat everybody ^ught.to have* one 
who cares about having accurate time, and has not the < 
means of getting it fronj* ^somq other source. The « 
simplest of all ways of fixing $«ch a enark » tq set up a 
fflate # facing the south with-a narrow vertical slihjnit, 
reaching down to the bottom, upon aJhoriAntal slab of 
smooth stone, and mark the* line of brightness on the 4 

9 
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stogie at tlu* time of solar noon by a chronometer or 
t good watch carrying {he time irom some reliable source. 
Mr.<Dent piikes these gnomons,* as zinc plates fixed on 
small cast-iron standard in f a convenient form for 
fixing* and' they cost oiily a few shillings. The line 
once drawn is right for ever, provided the slab and the 
gnomon jare fi^ed fifin' and right at first. 

It may be worth whifc to ‘explain how such a thing 
may be fixed independently of a chronometer. This 
picture represents only another form of the same instru- 
ment, in principle just the same, but in practice not 
so cbnvenient, except where you have room for a very 

long plate, on account 
of the length of the 
shadow in winter. 
Here A may be con- 
sidered either as a 
small hole in a thin 
copper plate AD (such 
as is fixed in the roof 
of the clock-room at 
the Doncaster railway- 
station, about 9 inches 
above the, slab) or as 
the top of the slit in 
^ Iflie upright gnomon, 

which in that case is represented by the vertical line 
AC deWn to the slab, v.hjch must be made exactly 
level for tips purpose. * ^t a little before 1 1 on a fin e # 
day ip the summer half of the year, mark with a pencil 
where the bright spot or end of the bright line falls 
t upon the sjab, say at S , hnd draw the arc of a circle 
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with radius CfS , . Mark again two oth$r spots JS a 
SL before noon, and d/aw the circles through them in # 
the same way. Then tyatdr for the timcft rafter noon 
when the bright spot falfts upon the several < circles* again, 
and mark those places S 0 S B ? S 3 . Bisect each sf the 
three distances S,s w § a s 4 , e£ 3 s 3 , and if you can draw a 
, straight line CB frcma C through* all the jbisecljons^ the 
observations have probably bean correct, ami you may 
consider CB the meridian line. ^ But brfore you cut it 
into the stone, you had better repeat the process on 
several days, and also try it by a chronometer if you can. 

I fixed tlfe first that was made of these upright gnoftions 
in this way in a garden years ago, without any chro- 
nometer, and it afterwards f liad the honour of being 
examined by Professor Challis, # who is the liea(f of tfce 
Cambridge observatory, and .was fouijd right within 
3 or 4 seconds. # • 

It is convenient to have adequation table cut^on the 
stone, to be always atliand. It is enough to put in the 
days where the change in the equation amounts to a 
minute, which are only about 80, and the 4 days tf 
maximum, as r you can easily interpolate the rest when 
y^u want them. The table engraved had better b^for* 
the first ye» after lesPp year, and jfou can correct it for 
any other year by the rule given at p. 10. It will also 
save trouble and dimmish the chance ^f mistakes, if*you 
incorporate the local difference from Greenwich time 
with it. Thus the table to cut on a sun-dial at Don- * 
gjaster would show Clock time gf solar p noon m 1 January 
#861^ as oh. 8m. 10s. If you prefer t&e other •form, 
of * Clock before or after sun/ theij th$ # table must 
show Clock after sun on 1 November, 12 m* 4s., instead 
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of*i6m. i6f. as it^is at Greenwich. ' Of course- the 
t further wqs\ you go, the fewer (Jays of clock after sun 
thene will *bfc in your table? oloSck meaning Greenwich 
f time, jemenjber. * r # 

Tlw Dipleidoscope i% another meridian instrument, 
which was invented by tfee latq Mr, J. M. Bloxam, a 
barristefin Qmsiderablc practice, whose name I shall, 
have to mentiqn again in connection with some clock 
inventions. Ke took out a patent for it and assigned it 

to Mr. Dent, by whom 
only they are made. 
Its name, eftnpound- 
ed of SnrAo'os double, 
€i bos an image, and 
(TKOTTico to see, indi- 
cates the principle of 
it ; because in all 
positions but one you 
( see a double image of 
the sun reflected in 
it ; and if it is so fixed 
that the single image 
— i.e., the coincidence , 
* of the tm > — occurs at 
solar noon, it evi- 
dently becomes a me- 
ridian instrument. It 
has the advantage 
also of reflecting th^ 
sun .when it ifs just too cloudy for a bright spot, to be 
distinct, anft in f fact you can only look at it through 
.smoked or Coloured glass when the sun is bright. 
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The instrument consists of three small pjates of glass 
put together at thejf edges in a ttrass *box# about # 
2 inches wide and liigh> so as to form a hoilgw prism of * 
any convenient angle, ^10 precision being necessary* 
in tlYs. ABC in this figurff is the section of# it at 
right angles to tl\e axi$ of the prism. # The front $jlass 
,BC is plain; the ether two are*t>lackeflted behind to f 
form reflectors. But thdugh Jhe fronts glsws is trans- 
parent, it also reflects, because there *are dark onas 
behind it. SI and IR 1 are sections of the planes of 
incidence and reflection of the sun’s rays from the glass 
B C. But part of the rays passes through that glass, 
and is reflected by glass A C to A B, and ■again reflected 
there and sent through B C tb lt ft . Now let the angle of 
incidence, and therefore of first Reflection, I be "called 
A— 8 (A being the angle of the two reflecting glasses), 
and let the other angles be designated as in the figure. 
It requires no mathematics beyond the*knowlecJge that 
the three angles of bvery triangle = i$o°, commonly 
called 7 r, to see that the angle /3 = 7r — (C -f A — 8) 
in the small triangle near C; and in the one near jy, 
y = 77 — (A+ ft) = C — 8; and* in the triangle near B, 
t aV= 7r — (B+y) = 77 — (B-f C — 8^ = A-f 5. Tfcatfs to* 
say, the angle a, madb by the plan<f of emergence of the 
twice reflected rays with the front glass, differs -from 
that of the once reflected by 2 8. Th^efore^if the prism 
is so jjJaced as to make 8 = <^ which it will be if the 
angle of incidence = A, t^Tef twige reflected rays will 
**come out parallel to the oi ym reflated, an(J tjie two 
hnagps of the sun will coincide. In fixflng the instru- 
ment however, we have nothing to d<* wittfthe angles; 
but simply to adjust it by trialVith a chronometer (foR 
• P 
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it cannot be done without), so that the images do co- 
t, incide «at ttie time of solar noon. 

They wqre at first made* so as to be fixtures on the 
t stone where # f tbey were s^t, a fid so tliey were always 
exposed to* the weather* and besides, if cemen?ed in 
wrongly, they ^rere wrong for a ever, To avoid both 
these evjls, I suggested the making of a brass plate to 
be fixed oil. the stone, with a raised slip adjustable by 
screws, against which^ the instrument is to be laid 
closely when used, but at other times it may be kept in 
the house. Mr. Dent also makes some of them to turn 
on An axis parallel to the earth's axis, and then they 
cati be presented to the sun, at other hours besides 
noon, but only for the given latitude like a sun-dial. 
Some arc nyido adjustable for latitude also. They are 
moreover made for star observations with the reflectors 
silvered instead of blackened, on account of the greater 
feebleness of the light. Mr. Dent publishes a table 
to be used with them, which shows the time of first 
and last contact of the two images of the sun for 
<£v ery day in the year, as that is observable perhaps 
more accurately than the time of coincidence; at any 
rat 6 it , gives three chances of observation instead &f 
one. c f 

WATER AND SAND CLOCKS. 

The earliest time-keepjng machine is the clepsjjdra or 
' water-clock of the Greeks' and Romans, which was no 
doubt t madedn various w^ys. yitruvius mentions one 
made u t!is a water-wheel, which would probably be*ver/ 
irregular. The simplest in construction is a graduated 
cylindrical vessel with a hole in the bottom, and this. 
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appears to have keen the most commonly u^ed: but tfypy 
must surely have discovered that tke ^ater %it case f 
by no means runs ouir. with uniform velacjfy, thgugh 
they did not know, and%ome of tli§ modern writers on # 
antiquities apparently do nfit* either, that the vqjocitv 
varies as the square root o£ the height of the water 
above the hole, fiut if a trough is lypt ffe.ll 3Jy a 
stream, and a hole madelanywjiere in it^ th4 water will 
then run uniformly into, and rise unifonnly in another 
cylindrical vessel, in # which its height may he marked 
on the sides, if it is of glass, or else by a floating index, 
and that will make a very fair clock. I do not how- 
ever find any notice of^auch a one in bo ok if of Grmck 
and Roman antiquities. r Various other forms of 
clepsydra are described in them rf which it is not Vorjh 
while to copy here. • j • 

The case is different with sand. Jf a column of dry- 
sand ever^o high stands over*a small hole, the sand will 
run out no faster thafc if it is a very moderate height, 
for the same reason that a pile or cone of sand on a 
given base will stand up to a certain height and angjp 
only, which depends on the amount of friction between 
t&e particles. The angles of the waist of an hojir-glass* 
ought to agree w r ith that natural angle of the sand in 
order that it may run out uniformly to the end— if that 
is of any consequence, which it hardly is for the boiling 
of eggg, or even for the old usg of limiting the length of 
sermons ; which object qjight ^ometimes be» advan- 1 
tageously accomplished^now a defending soqnding- 
feoarjl, or as sounding-boards are gone*out of fashion, 
by a pulpit-bottom or f drop 9 let dojvn clock-work 
at the proper time. * % * 
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, The burnipg of graduated candles was another mode 
r of marking' time, and if the candles were of wax, 
as they prpbably were, and sheltered from wind, and 
the wiflks uniform throughout} the measure would be 
accurate enough for any purpose for which it was likely 
to be used. The consumption of oil in a lamp might 
also c be marked an<T r used in the eame way. But it 
would be a* waste of tii^e to describe any more forms 
of these now obsolete instruments, and we may as well 
proceed at once to wliat we now understand by the 
term clock-work, 

« 

. ‘CLOCKS. 

The invention of clocks '-driven by a weight lias been 
sometimes attributed to Pacificus, archdeacon of 
Verona, in the ninth cejitury ; though many writers 
have come to the conclusion — I do not know on wliat 
grounds, that his was only some inew kind pf water- 
clock. ‘ And a§. it seems to be admitted that Gcrbert, 
afterwards Pope Silvester II., made a clock at Magde- 
burg in 996, when he was an Archbishop, I do not see 
why Archdeacon Pacifjcus should be considered in- 
/sapafrle^of having made perhaps an inferior one in tljf 
century before. Wo have howe/er no evidence of 
clock? of. anything like the construction of the last 500 
years until the thjirteenth century.'. Lord Chief Justice 
Coke tells the story of the first Westminster # clock 
^being put up out of a fine imposed upon a corrupt prede- 
cessor of his pwn in 1298, * The Exeter cathedral clock, 
of which the striking part is still in action (or was very 
% lately), is said in Rritton's history of the cathedral, to 
have been in existence In *1317; and one by Robert 
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Wallingford, Abbot of St. Albans 1326^ is spokenrof 
as containing some ngw invention, but I <fe net know* 
wliat. The clocks of ’.Weils and Cantefpury, and I 
have no doubt, of Peterborough,# were # rjf abcfUt the* 
same date. The striking patts of Peterborough and 
Exeter are still ^oun^ up by spokes ip a long wooden 
. barrel, and are of £ much more primiti^ construction 
than that clock made by Henry de Vicl^ foi^Charles V. 
of France in 1370, of which tl^e description has bean 
several times printed. Captain Smyth alsojaublishfcd a 
description in 1841 of one at Dover Castle with the 
date 1348 upon it. It had a pendulum, and so*have 
the Exeter and Peterborough clocks • (though tBeir 
going parts are not now used), which I suppose must 
have been added long afterwards, unless the* date 
commonly assigned to that invention isj wrong by three 
centuries. It is not until quite modern times that 
church clocks had minute han^s beside® the hoqr ones, 
but in other respectf there is surprisingly little diffe- 
rence in principle between the* oldest of these machines 
and the turret clocks of most of the makers of tfye 
present day. • 

The going part of a clock is, ^nd always pa® Hfeen,* 
nothing but a trairf of some nufnber of wheels and 
pinions, of which one turns in 12 hours, and another 
in 1 hour, if there is a minute hajid. Jbe first, or 
slowest, or ‘ gi^eat 9 wheel is turned by a weight hanging 
by a rope wound round a^thrrel/6n that whed’s axis, 
or arbor , as it is called in c^ck-makin g ; • an£ the last* 
t>r quickest wheel drives a fan-fly, or af fly-wheel, or a 
pair of vibrating arms called a 'b»lana£/ or a pen- 
dulum, to regulate the velocity'of the train. A spring 
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clQgk is merely a compound of a large watcli and a 

^commoij cl6ck, and {herefore we need not extend the 

. definition tg include that. 4 * ; * 

% Perhaps tlie Rudimentary reader does not know what 

a c trapi of wheels and pinions* means, as it is not a 

phrase in much use except in clock-making. This 

picture will help to 

explain it. The wheel 

called scape-wheel is 

intended to turn in a 

minute, suppose ; 

which depends on the 

pendulum, which we 

have nothing to do 

with yet. Its axis, or 

arbor * has a small 

wheel or pinion (say) of 

7 teeth or leaves fixed 

upon it, and that is 

driven by the second 

wheel with 56 teeth, 

which therefore turns 

in 8 minutes, and thet 

has a pinion of 8 on 

its arbor, which is 

driven by the centre-wheel of 60, which therefore will 

( turn in an hour, and is adapted to carry the minute 

; hand. t The centre-\s|ieel again may have a pinion of 

on its arfcor, apd if .that is driven by the great 

wheel 4 with 96 « teeth, of course that will turn in 12. 

hours, and Hjight^ carry the hour hand, and used to do 

so in the old clocks without minute hands ; but that 
« 
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is generally now done otherwise*as I wiB ^explain $te- 
sently. The barrel *and not the wheel is fixed to 4h^ * 
arbor of the great wVidel* and has one efld cuf into * 
teeth, like saw teeth, 8*0 aj. to fofm is called <f « 

ratchett, whose teeth can p$ss under a spring of di 4 k 
fixed upon the g^eat* wheeR in f <juc direction^ bq£ not 
in the other. The*great # whe§l is not fixe.d upon the ■ 
arbor, but rides loosely on it, find the end df the arbor 
is long and comes . through the frame, and is made ( 
square, so that a key may fit it to wind the barrel in 
the direction in which it can move under the ^ click 
without moving the wheel ; and then, whep you hove 
done winding, the weight evidently pulls it the oilier 
Way and moves the whole train. . , 

You must understand that there is no "virtue in the 
particular numbers of teeth ih the wheels and leaves in 
the pinions which I have given : ail that is requisite 
theoretically, is thaf the numbers of *the teeth of all 
the wheels multiplied together, and divided by* the 
numbers of the leaves of till* the pinions multiplied 
together, should give tin* proper velocity-ratio between 
the slowest wheel and the quickest. Thus, if the scape- 
■ ♦."heel has to turn 60 times as fast^as the centrd wfieel,* 
and there is one between them which ipay turn in any 
time, the product of the teeth divided by that of the 
leaves must = 60, and subject to tlf&t, you may*dis- % 
^tribute the numbers as yop pieas^— theoretically ; but ; 
practically other considerations dome in, such # as that 
the slower wheels must be^larger* than * the quicker 
bnes*r-that if the leaves of the pinions are jery fetr they 
do not drive easily, and if # t^ey ard mahy, the teeth 
must be many and small, and more expensive to cut, 

9 
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an® so forth*; and tfye result is that, in the common 
*long house clocks, the numbers* r are usually what I 
' gave just nOvy, but in astronomical clocks, or regulators, 
they are higher, sometimes. twfcc as much ; in turret 
clocks they vary more according to circumstances, as 
will J)e seen hereafter, * « 

* * * i * 

Tfl6 simplest of all the methods* of regulating the * 
velocity of "the <train, and one which certainly existed 
before De Vickis time, is the fan-fly, or a pair of arms 
with* vanes ^hich are resisted by the air. I think it by 
no means improbable, though it is never likely to be 
ascertained now, that some of those earlier clocks, 
perhaps even Tacificus ; s in 'the 9th century* were 
trains^ of wheels with a fan-fly to regulate their 
velocity, instead of a "balance, which De Yick used in 
his g(fing part, £ though he had a fly in the striking 
phrt, as the earlier English clocks have, and exactly 
as it i& used to* this d^y* So lofig as the force and 
frictjon of the train are uniform, 'the velocity of the fly 
will be uniform, as the variation of density of the air is 
tcflb small to affect it materially; and it should be 
observed, that a long fly with a rather slow motion is 
1ess*aflfccj;ed by variations of force than a short anM 
quick 0116; but as, far more accurate methods are now 
used; it is unnecessary to go further into this. 

A fly-wheel, ^iich is either a wheel with a heavy 
rim or a pair of weighted arms at right angles to the 
axis which carries tli^jn, i t another method ; but not so 
good, because it is muchsmore .affected by a change of 
force, » which in clock-work nearly always means k 
change of friction in the train. It acts simply by its 

moment of inertia, which is constant, and therefore the 

v 
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velocity cannot be constant if tlm force varies. In jact 
there is theoretically no limit to th$ velo^jty/)f a fly^ 
wheel driven by a weight, *o long as the Vgight ofcn go • 
on falling, though poetically a, terminal velocity 
soon reached, when the frlbtion and thfe increasing 
resistance of th§ air # balanoe the force; but of course 
this balance is disturbed, and {fie velqpity changes, as. 
soon as the force varies. # 

• • 9 

Conical Pendulum. A pair of weighted -arms 

attached to a revolving vertical axis by horizontal 
hinges, so that they can fly further out as they gjb, will 
regulate the velocity ipore completely*than a fly-\Aeel 
or arms rigidly fixed, but still not completely enough 
to keep it uniform if the forc§ varies much. TTheyjare 
like the f governor ’ of a steam-engiije in appearance, 
but no further; for the governor-arms work a lever 
which opens more »or lcss«f # the throttle-valve of the 
steam-pipe, according as the engine i% going too slow 
or too fast. A single ball op pair of balls hung in this 
way and driven by a clock-train form what is called 
a conical pendulum , because each arm describes a cone, 
•and the time of its revolution may easily be determined 
as follows, except sft far as it is affected by friction and 
resistance of air : — * • 

Let / be the length of each arm #nd <£ the angle at 
which it happens to be inclined to the vertical axis, 
which of course depend^* On a/ rate of revolution oh 
angular velocity, wh\eh isyusually called a>; then the 
• centrifugal force of each ball = a>* l Sincj ) ; an<i # as that 
is the force which keeps the. balls srtvay from the 
vertical, it must balance the ‘force which 'draws them to 
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it, /which is g tan <j> (g being the usual symbol for the 
^Eorce of ^gravity, or twice the number of feet which a 
body c falls jn ‘ the first second <p£ time, which in this 
latitude is 32-2) ; therefore a>/ or the angular space 

mfve&over by the arms in one second = \ / 7- — ■ 

J ; V l cos<p 

and t&e time of a complete revolution through 360° or 

2 it, is — — If you wish to know what 

co V g 

that means in figures, ybu must express l in feet, as g 
is, and write the numerical value 3* 14 159 for 7r, and 
take the numerical value of cost/) from a table of sines 
and^ cosines, am} the result, after extracting the square 
root and dividing, is the number of seconds in which 
the revolution is performed. We shall see hereafter 
that it c is just so much less than the time of a common 
vibrating pendulurn of the same length as \/~cos</> is 
less than 1. And as the cosine varies least when an 
angle is' small, ^ clock of this kind will go better when 
the length of the arms and the weight of the balls are 
such that they make only a small angle with the axis 
when the clock weight is driving them. But again it 
mush be s remembcred that these results arc very much;, 
modified iii actual woiting by the resistance of the air, 
which . acts more strongly on the balls as they fly 
farther out, and tl^eieby tends to regulate the velocity, 
as it does with a fan-fly. 

A cloqk of this kih^. is ofipn used to turn the re- 
flectors or coloured, lense^ of revolving light-houses, 
and also for the otill more accurate purpose of driving 
large equatorial telescopes, to keep them pointed to a 
star notwithstanding the devolution of the earth. For 


v 



CONICAL PENDULUM. 

t 


31 

the same purpose some ‘kinds of^ water-docks are also 
used,, not at all pp the principle of tye # ancient* 
clepsydra, but on that of Barker's mill, rll^ it is called ;• 
in which two hollow fior^ontal armo sp;e fixed on 3. ^ 
hollow vertical axis into vmfch water runs* at the top ; 
each arm has a. §mall hole* near its .end, on opposite 
sides, from wliicK the water jets horizontally, and^ 
makes the arms revolve m tho opposite direction. The 
reason why contrivances of tl^is kind h,rc required for 
telescope-driving is that a clock train regulatcdHby a * 
pendulum and escapement moves by jerks, which the # 
earth does not. 

As I understand Itr. Airy's description of "this 
machinery for driving the new equatorial at Green- 
wich, tl^p governor attached, to the watgr-elock dpes 
work a throttle valve, like that in a Jtcam engine, for 
regulating the flow of water intow the Barker’s mill. 
He also? mentions* a ‘ spade', attached to tlig conical 
pendulum, I suppose, by a lever on tho opposite side of 
tlie axis, which dips into a trough of water when the 
pendulum swings out tjo far or goes too fast. I lf^ve 
no means of judging from experience whether * these 
Contrivances arc better or worsf than that # o# Mbssrs. 
Wagner of Paris, described under fig. 37 hereafter. It 
is certainly a neater one than any of these f but as it 
was seen at work here in the *851 ^Exhibition, I 
presume it has not been rejected for the water and, 
conical pendulum apparatus witj/mt full consideration > 

The best way of driving? a conical pendulum in a 
clock seems to be that shown in tli<? next pagq. The 
pendulum may be hung by a thin f picoe of wire, as it 
has no disposition to twist; for it would require a 
• # ' 
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grater force* to malce it twist on 
.vits owij axis besides revolving.^ 
» Another way which has 'been 
^adopted at Greenwich is to hang 
it by v a kind of universal' joint 
made with springs instead of 
pivots, jfrobably because a wire 
strong enough for a 15 lbs. pen- 
dulum would be too stiff as a 
spring. The motion is kept up 
by a light arm sticking out from 
a vCl’tical axis driven by the 
clock-train and turning in 2 sec. 
(if it is^ a common onc-§econd 
penduJifm), and acting on a tail 
or spike from the bottom of the 
pendulum. There is generally 
some friction apparatus besides, 
which can be iparle to act more 
or less strongly on some wheel in 
the train, either by the observer 
as he finds the clock driving too 
fast <or too slow, or by automatic 
apparatus as in Mr. Airy's clock 
at Greenwich for driving the 
chropographic cylinder covered 
with paper for recording observa- 
tions. * \ .» 

It is perhaps worth mentioning 
that any point *1 in a wheel re- 
volving unifoimly has always the 
same velocity in a horizontal 


Fig. 4. 
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direction as some point in a pendulum jvhich makes 
a double vibration in the same lime, as tl^e Tjheel re- # 
volves ; and therefore; theoretically, a cofts^ant motion • 
of a clock-train might be got ]?y connecting somft 
point in a'l sec.-penduluA *rith a pin m^asimjl disc 
revolving in 2 seconds, by a«rod so long as to be prac- 
tically horizontal. • But it would* ^>robal^y be lmpracti- • 
cable to keep the force # consJant enough io give* just 
proper impulse to the pendulum ; and if too much was 
given, there would b'e a jerk at the end of every beat, 
and if too little, the pendulum and the clock would 
stop. 

balance-wTheeu escapements. 

Before we go into the theory of pendulums we khoyld 
notice the one other mode o£ regulating the motion of 
a clock -train, which existed long, before pendulums 
were applied. The* earliest escapement of which there 
is any known description is that whichJDe Viclc's clock 
had, and which is called the .crown-wheel escapement. 
The object of that, as of all the later escapements, was 
to let a tooth of the quickest wheel in the train escape 
jast some stops called pallets at every vibraticp o# the 
balance, and that Wheel is therite called the scape- 
wheel, and a crown-wheel from its sh&pe. The pallets 
A, B, in fig. 5, are pieces of steel fixed*fro the axis or arbor 
of the balance C in planes at ^ight angles to each other, . 
one of them set so as tp be p^€hed one way by the * 
front teeth of the wheel, aiyl the Qther the^ other way 
•by .the back teeth* As one tooth ^escapes jjast its 
pallet, the other pallet is in a position receive and 

stop the opposite tooth. But as the ba$mce has then 

* * 
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acquired a swjng in tjie direction in which it has been 
pushed Jby ^he escaping tooth, it .does not stop imme- 
.diately, but Swings a little farther and so drives the 

wheel back again 
a little,* producing 
w}iat is called the 
•recoil. This is just 
the same as the old 
*' vertical 9 watch 
escapement, which 
remained in use 
until a few years 
ago, with this im- 
portant exception, 
that the time of 
vibration of a 
watch balance is 
• regulated «by a thin 
spiral spring fixed 
to it and to the 
frame, whereas this 
had none, and so 
its regulating 
power over the 
train depended 
solely on its mo- 
, ^ ment of inertia, 

^ and on its swinging^arth6r t for any increase of force, 
which by ^o means fcuakes it isochronous. 

The.iame thirig is still to be found in bottle-jacks ; ' 
the piece of meat tfo be roasted forms the balance, and 
thp noise at each change of ’’its motion is the ' ticking 9 
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of the escapement. It is true tl^p meat makes several 
turns for one tick, wjyle De Vick's balanceVn^e only * 
half a turn, but that # is because there Ik n wheel on 
the pallet arbor in the jfcck, forked by a jnnion tm the # 
meat arbor, as in the rack-l^Vfir watch escapement; but 
otherwise the bottle-j^ck esoapement # is precisely the 

• same as in De Vick's clock, in wfiich tfce axip of the 
balance was vertical, and not horizontal as i» fig. 5. 

TENDULUMS. • 

Pendulums, like many other things, may have IflJBh 
invented several times oyer in different ages, br even^n 
the same. In an old edftion of the Encylopcedict 
Britamica it is said that ‘ the ancient astronofh&ra of 
'the east employed pendulums in measuring the*times 
of their observations, patiently count jpg their vibrations 
‘ during the phases of an eciipse, or the transit of the 

* stars, and renewing them by a little pu§h of the finger 
'when they languished; and •Gassendi, Eiccioli, ’and 
' others, in more recent times followed their example.' 
If so, it is plain that this knowledge had itself 
Languished and died, before the making of w^at •has. 
long been called Gsdileo's discovety in the church at 
Florence, that a chandelier, and tlier&fore any other 
pendulum, vibrated different arcs ii^the same time, 
provided they were pone of Jhem large ones. When 
we consider the vast number of pendulums of ^various 
kinds that there are swingjpg ahput the world, it 
eertajnJyls difficult to imagine that nobody ever # made 
that observation before the i£th century/ The appli- 
cation of it to the regulating of clocks; however is 
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a different thing, as f that required invention as well as 
observation . Tq be sure, all thjtJ was needed was to 
omit one of ^tlie weights in* Do .Vick's balance, and set 
.it in a vertical, instead of a horizontal plane, and it is 
strange enough that this liight but valuable alteration 
should have waited tlnec centuries to be made. It 
wouM then qssume tliis form, winch is evidently the 
same as th? other in all but the position of the parts 
^nd the omission of one arm and w eight of the balance. 
The bent end of the arm (called the fork) is substi- 


Fig. 6. 
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tuted for a weight in this drawing because it was after- 
wards found better tq Jiang the pendul um independently,* 
and connect it with that* arm, called the* crutch, by • 
■means of the fork. Btat I t have seen* small decks of ( 
the last century, and even'shme modern French ones, 
with the crutch itself .made into a pendulum by merely 
putting a ball at the end of it. * * * 

There seems no doubt-* however, that the«first person 
who investigated and established thS mathematical 
theory and properties of the pendulum was Huygens, 
the Dutch philosopher, in the 1 7th century ; but it 
seems equally certain that the first pendulum cloclfwas 
made for St. Paul’s Church in Covetat (Sarden, “by 
Harris, a London clock-maker, in 1621, though the 
credit of the invention was chimed also jby ftuygejas _ 
himself, and by Galileo’s son, and AJicenna, and the 
celebrated Dr. Hooke, the undoubted inventor -of 
the balance spring of watches, % and the discoverer of its 
theory. • • 

The main point of Huygenses discovery seems at first 
sight a long way off any^ connection with what we now 
understand by a pendulum, viz., a weight or bob at the 
bottom of a long rod, which is ^ung by a string *or a 
thin spring at the top, and the bbb therefore swinging 
in a circular arc, or something very near it.* For he 
proved that the curve in which a bobHsung by a string 
of insensible weight must mpve in order to be isochro- 
nous in its vibrations, is a ptffcle, but a cycloid, or 
the curve traced out by a point in* the rim pf a circle 
•rolljng upon a straight line, e. g., a nail in the tijje of a 
carriage-wheel rolling on a smooth nJad, or P in 
the circle D E P rolling on *B G C in fig. 7 ; and J>e 
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shewed how ©a certain other property of the cycloid 
.might hie made use of to enable a pendulum bob to 
« describe a«, cycloidal instead of a circular arc. It 
is not Worth while to fill theses pages with demonstra- 
tions sdrich may be found iii any mathematical treatise 
on mechanics, especially as I must assume the reader 
* to hate spme cff the knowledge whidi is only to be got 
from such 'hooks, in order to* understand the demon- 
jefcrations if I gave thepi. Therefore we may as well 
begin at this point, that a body moving by gravity in 
a cycloid (with the curve downwards, as B P F C in 
fig. - ?] does describe both large and small arcs in the 

m 7 . 


A 



F E 


same time ; the reason of. which is that the force may 
be proved to be alt^f s in*pyoportion to the distance 
along the curve from its loyest jx>int, F. 

But # how is a®pendulum bob, hung by a string or* 
wire from a fljed point, to be persuaded to describe a 
cycloid ? It $o happens # thht if a cycloid B F C is cut 
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in two , and one half B F removed as a solid with#a 
convex edge to A C (making A G=F Cv=D ]$), $nd the 
other half to AB, the vnd f of a string =*= ,A.F, fixed 
at A, and moving between those /cycloidal cheeks' 
will redescribe the old cycloid? B F C. Tfiis*is mathe- 
matically expressed by saying that the involute of a 
jcycloid is another equal cycloid, a5d the|efore Wstf the 
evolute is ; the evolute beifig tlje checks, and the invo- 
lute the curve described from tljem : the proof of this** 
belongs of course to geometry, not mechanics, and is 
of no consequence to us at present. Huygens there- 
fore proposed to hang clock pendulums by a string"8J 
a thin spring between qycloidal cheeks; and* that was 
for some time thought a very superior method of 
making clocks. I have no doubt there are some still 
in existence, as I have seen them mysclft • 

But after a time it was found that clocks went 
rather worse with these cheeks than without them : and 
then it occurred to somebody that the cycloidal theory 
is only true for what is called ki mathematics a simple 
pendulum, or one in which not only the bob, but the 
centre of the bob, is alone supposed to have any weight; . 
J*d of course there is no such thjng possible, #or the 
rod must have some thickness, or it is not stiff enough 
to work, or to be driven by the clock, and* if . you 
make the bob very heavy, with the vi**p of rendering 
the weight of the rod insignificant, then the bob 
itself must be large, and /differs v Considerably • in its 
mechanical effect from a single imaginary heavy point 
at its, centre. And besides that, the sjfring or gtring 
cannot be made to act against the? clicks’ without 

friction and other disturbing causes ; * all which 

• ■ 
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things are id to have been proved to produce greater 
deviations} from isochronisra than a variation of several 
degrees i# the arc. Indeed /we shall see hereafter 
. that the comiqpn clock escapements tend to produce an 
erroj of their own, which the deviation from cycloidal 
vibration (commonly called the circular error) is actually 
useful in counteracting. 

Nevertheless, the cyploidal theory is valuable to this 
extent: it shows why a common pendulum is very 
nearly isochronous for different small arcs; for the 
string A P will evidently describe very nearly the 
same curve near the bottom F, whether the theeks are 
there or hot : in other words, a bob vibrating in a small 
circular arc is almost identical with one in a cycloidal 
arc described by a string of the same length. The 
actual time of a circular vibration cannot be calcu- 
lated without the aid of the higher branches of the 
integral calculus, and even then it can only be exhi- 
bited in the Jform of a rather awkward series, which 
would be little better than useless, except for small arcs ; 
&nd for them it is quite sufficient to take only the two 
first terms of it. The whole calculation may be found 
« in’ Pnytl '8 Mechanics, or in the 8th .edition of tir 
Encyclopaedia Bruannica, under article Pendulum . 
The. first term ‘is simply the expression for a cycloidal 


vibration, 



the letters of which I have 


already explained at p. 50^ for the conical pendulum, 
whose time of vibration you now see is less than that 
of plane pendulum of the same length in the 
proportion qf v^osine of the angle which the conical 
one makes >ith the vertical axis. 
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Circular error. The next tgrm in •the seriefe 
'(omitting all the latg; ones which ate stifj smaller) 

| constitutes the circular •errcfr K, or the excess of *the 
"time of vibration in a circular aro over jthat ift the' 
cycloidal one belonging to ^lfb same length of pen- 
dulum; and it is accurate enough Apr all practical 

a > pi - .•* 

purposes to say that K = 75 -jg V/ - 5 ana therefore rfor 

a whole day, K = 5400 a a in seconds, 'whatever the. 
length of the pendulum is ; the amount of which yiou 
may easily calculate from the fact that if a = 2°, as 
usual in docks, its. numerical value is *035, and therS^ 
fore K = about 6 seconds.* But this is rrfbre than whift 
is called the circular error in a clock pendulum; for we 
need not care what is the differgnee betweep the timq 
of a cycloidal arc and the actual circulajJ arc which the 
pendulum describes, but only between such two small* 
circular ares, a and tij, as the pendulum is likgly to 
describe in different states of the clock. {This quantity, 
which we may call A K, is only 5400 (a“ ~ a x 2 ) ; and 
if we assume Ihe larger o£ the two arcs to be as much 
as 2\° and the smaller 2 0 , the circular error between 
will be rather less than 4 secqpds a day. Thi£ is 
a very large variation of arc for a tolerably good 
clock, and when it is as small as it generally* is, -the 
circular error may be expressed by diflRw eqtiating the 
expression 5400 a\ and we^iqpy sav (so long as both 
the arc and its variations •pit small, remember} that 
A K = 10800 a da (da bging the variation of tjie arc). 
Thus if a = 2 0 and da = 10', A K will Be very pparly 
1 second : i.e. the clock will lose a sfeconfl a day for 
such an increase of - the arc, independently of any other. 
• \ 
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Effect, either by way of increase or counteraction of the 
circular error, which may be produced by the escape- 
ment at the same time. * • 

Fot the. <Jpmmon purpose #f finding the length of 'a* 
pendulum to beat seconds, or any other required time, 
we^nced not trouWp oiirselves* with anything beyond 

the equation t = A-, in* which / is the number or 

•fraction of seconds, and l is expressed in feet, because g 
m£ans 32*^2 feet (in this latitude), and 1 r is 6*283 or 
numerical value of 180 0 . Therefore in order that t 
may be # i second, you will easily find by a little 
calculation that l must 3^*1393 inches; and having 
got that fixed in your mind, you may find the length of 
pendulum.for any bther time of vibration very easify 
by nllultiplying 39' 14 irfehes by the square of theratio 
*of the intended time "to 1 second. But to save trouble 
I will put down a few oY the lengths most likely to be 
wapted. • * 


SECONDS. FT. IN. SECONDS. 


. . ao 4$ ■, i . 
2 . . 13 o| i . 



INCHES. 


39* H 
22 



Thesfc seconds, aud the second used as the unit of 
tiifie in all mathematical formulae, are seconds of mean 
time; and as a sicj^realtd^ is shorter than a mean one 
in thff ratio of *99727 to a sidereal pendulum must 
be shorter than a* mean one in the square of that ratio, 
whioh makes the sidereal pendulum at Greenwich 
38*87 inches, ft has fyeen suggested that a mean clock 
•may be irftide to show sidereal time on another dial 
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with only an error of a second *14 years, by thfe 
following means : — put, a wheel of 24*7 teetn on the 
centre-wheel arbor of the dock (which afways turns 
in an hour), and let it idrive a wheel 01*331 oh an 
arbor which also carries one of 43 ; and if that drives 
one of 32, it will turn in a sidereal ^hour; that is, if tlie 
mean clock itself go*es right. But you tan have* no 
sidereal seconds hand with it, at*least none pointing to 
them exactly, as the hand can only move with every 1 
beat of the pendulum, which does not be^t sidereal 
seconds ; and the suggestion is on the whole more 
ingenious than useful ; for the reducing of one time to 
the other ‘is done quite readily and *more exactly*^ 
from an annual table kept for the purpose. 

Centre of oscillation. It pmst be remembered* 
that these are only the theoretical lengths of sfonple 
pendulums , with all the weight concentrated in the* 
centre of the bob, anti that this, theoretical length by 
no means coincides with the actual length down .to 
the centre of gravity of the pdhdulum, but is always 
longer. This length may properly be called the radiuf 
of oscillation , as the lower end of it is always called the 
fcre of oscillation ; which is riot ^ fixed point A tfie 
body, like the centre "of gravity, a relative one, 
every axis of suspension having a radius and cdhtre of 
oscillation of its own. It is not alt^Stys , a simple 
process to calculate this lengjh # (whi<5/i we may as well 
called l) for any given pendvldm, {is it requires either 
the integral calculus or some rules deduced from it ; but 
it # will*be easy to explain the nature ancl meaning of 
the quantities on which it depends. Let m be the mass 
of each particle of the pendulum, which in these 
* % ^ 
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calculations must f not be confounded with the weight, 
whicfy is£ written mg ( g being .the force of gravity), r 
the distance of m from the axis of suspension, and M 
the <mass o? the whole jpendulum ; then the radius «f 
oscillation = the sum bf each particle multiplied into 
the square of its distance from, the axis, divided by the 
sum of eacli<particfe multiplied into its distance simply; 

1 . c 2 7U 7^ 1 • 

that is to sav, l = — (2 being used to indicate this 

kind of summation, which can only be performed by 
integration except in very simple cases). 

~*“Th e numerator in this fraction is called the moment 
*of inertia of 1 the body with ^reference to that axis of 
suspension. Of course there is some quantity k 9 which 
2 m r* 

• = — / an(J k is then called the radius of gyration 


1 for that axis, and Mi 9 is obviously the moment of 

inertia againi In like* manner some quantity h = 

2 rn r • 

and* h is then the distance of the centre of gravity 


oi the whole pendulum (not of the bob, remember,) 
from the same axis, which is easy enough to find in 
bodies of the shape commonly used for pendulums. *Jt 
appears then, thaFthe effective length l of a pendulum 


always = 


k“ 1 

—j and it is only when the rod is very 


thin and the bob itself small but heavy, that lc and h 
can be assumed to be e\en approximately identical, and 
therefore both l, as they are in a simple pendulum. 
But it does 1 conveniently happen that the centre of 
oscillation , in 6lock pendulums of the usual forms is 
generally *near the centre of gravity of the bob, and 
v 
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sometimes exactly coincides with ft, as we shall see 
presently. „ ♦ § , , 

This quantity M/c 2 the moment of inefti%, always 
appears in mathematical* formulae as the* resistor of 
forces of rotation or vibratic&*on an axis, and ofi all 
disturbances of such forces a$or they have once set the 
body in motion, and "therefore we see at opce wffy long 
and heavy pendulums are better for clocks ftian short 
ones. There are a few othe* simple* propositions 
relating to the centre of oscillation, and the theory* of 
pendulums, which it will be appropriate to notice here. 

Draw a pendulum of any shape you like, supposed ,M ftT 
be vibrating in the plane of the papef, and call itW 
centre of suspension S, and its centre of gravity G, 
and the distance between then} k. All bpdies havq 
this property, that their moment of inertia round* any 
axis through G (which we call M ki) is less than round 
any other axis parallehto that,*anjl we are not concerned 
with any but parallel axes; and furthes, if the other 
axis is distant h from the centre of gravity, the Ic * roilnd 
that new axis = h* 4 h\ Therefore if 0, somewhere 
below G, is the centre of oscillation corresponding to r 

* l or S 0 = and Z — h, tfr G O = J^/or the 

centres of suspension and of oscillation are reciprocal. 
In fact, if the pendulum is wide enough, «you may draw 
two circles round G with radii # G S and G O, and if you 
stick an axis through the pendulum, at right angles to 
the same plane of vibration, anywhere in either of 
fhose» two circles, it will vibrate in the? same tiqie as 
on the original S. Consequently, if*yoi\ 'construct a 
pendulum (symmetrical on bdth* sides of its tfiiddle plane 
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*f vibration, to prevent it swinging with a twist) with 
one fixed axis f S, and another^, adjustable one for O, 
an$ a moveable weight t<y adjust the time by, you can 
make it vibrate in the sam» time on both axes ; ami 
by adjusting the movea'ble weight also, the pendulum 
can be made to agree with the vibrations of a clock 
pertdulum wjhich ft beating seconds ; and then the 
distance between S ajid O, or the two knife edges 
. which represent them, being measured, we shall know 
that that is precisely the length of the imaginary 
simple pendulum which would vibrate in the same time. 
""Tf’has also been proved that if round axes are used 
Sastead df knife edges, the distance between them (not 
their centres) equally represents the radius of oscilla- 
tion. ‘ 

0 <• «l 

If i. all the standard yard measures in the kingdom 
should ever be lost, they could only be restored by this 
process, according to an A>ct of Parliament, 5 Geo. IY. 

c. 74, which declares that a yard ft — - of the 

391393 

length of the pendulum which vibrates mean seconds 
in London at the level of the sea, in a vacuum. As 
« tliGi fosce of gravity decreases towards the equator, a*.- 
English pendulum Would lose 2^'seconds a day there. 
The following simple rule for the length of the seconds 
pendulum in«c.ny latitude has been deduced from 
observation, near enough for all practical purposes: 

1 = {1^- *0027 cos 2 lat.) i ’3Q. , ii56 inches; that number 
of inches being the length of the pendulum at lat. 45°. 
You observe that when the latitude is more, than 45® 
cos 2 lat. becomes — , and so l exceeds its length at 45°, 
as of coursept ought to dor 
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The length of the seconds pendulum in northern 
latitudes is so near that of the French metre, of 39*371 
English inches, that the*f .are apt to be eonfouxdqd/ That 
Standard however had no such origin^ but vras invented 
in their revolutionary desire bS*impose tkdi? ^measures 
upon all the earth, on the ground of its being the ten- 
millionth part of a quadrant of the'aieri8i|n — about las 
practical a standard as the •distance of the nyoon from 
Paris. Nevertheless, some persons in England have 
lately started the affectation of writing their measures 
in these foreign metres, and their decimals, Instead of 
the old measures, which everybody who has to use theas^ 
knows pretty well by sight, and carries in 4 iis eye* 
and which could not be altered' without infinitely worse 
interference with the everyday business of life, thafn the 
lately exploded scheme for alteyidg the .tower divisions* 
of the coinage, wherein nearly everybody agreed that, 
the old standard must.be kepi^ There can be no doubt 
too, that the yard originally greft up as the standard 
of length, because of its real convenience, and its Co- 
incidence with several natural measures. It is thu 
length of a good stride of a man of what is commonly 
considered the most perfect height, and that height©is 
two such lengths, and so is the stretdh of his ai&ns, and 
a yard is the natural length of his walking stick The 
metre is properly the yard of a nation pj; giants. All 
this, observe, has nothing to do with the use of decimals 
of a yard wherever people fifo^it convenient ; foy they 
can do that just as easily with a j^ard, of 36 inches as 
wjth one of 39*37* * * 

Shape of pendulums. It is convenient to know 
'that the k* of an uniform rod* with reference to an axis 
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across tfye r middle bf its length = — if the length oi 

thp rod*is*2A; and as the distance of its centre of < 
gravity from its end is hereof course the same h, the 
radius of oscillation frona\he end is f A, or f the length 


o£,the f rod, since l jtlwayS = 


k*+lt 

h 


If the rod is fixed 


by the side of another4ongfcr one, with their two lower 
ends connected, as t^he compensation rods of a pen- 
dulum are, still the A 8 for the short rod = its k i* + the 
square of "the distance h (not the same h as before) of its 
'•Xrqg. from the top of the pendulum ; and the same rule 
■wiiolds for the* bob, except that its k Y 2 will be different 
according to its shape;' in a cylindrical bob standing 


^vertically, of radius b and height 2 d> k* = — I — . For 
•' * * 4 3 

.any small pieces of the pendulum, such as collars, nuts, 

&c., it is sufficient to take their k and li simply as their 
distance froej the pendulum top. In a pendulum of 
this construction then, we now have all the materials 
.for finding the radius of oscillation l ; for it will be 
expressed by a fraction, of which the numerator is the 
svm pf the M k* *s of all the different parts, which 
easily calculated from these data: (the previous integra- 
tions for each 'part according to its shape having been 
performed fog^you behind the^ceneg), and the de- 
nominator is the sum of all the MA ? s, and M in both 
cases, is measured by tfee weight of each piece of the 
pendulum. 

Whatever the shape of a pendulum is in othsr 
respects, 1 iV is essential that the back and front should 
be alike both in weight and shape ; or to speak 
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mathematically, 'that it should be symmetrical on each 
side of the middle plane of its vibration, br it will 
wobble, and vary its time in some irregular and in- 
calculable way. It doe& not signify however, if one 
side of the bob is larger than? the other in the direction 
of vibration; but as that woul(J look ugly and the other 
does not, one never sees the ugly bul? innocent deviation, 
\>ut frequently the other ; for the pendulums cjf comiAon 
clocks are often unsymmetrical in the back and front, , 
and are therefore bad ones, though perhaps as good, as 
the clocks they belong to. For this reasdn the old 
fashioned lens-shaped bob, or the flat cheese shaptf^ 
which most of the clockmakers use for church pen»^ 
dulums, are not good ones, because it requires great 
care to fix them with their own middle plane exactly 
coinciding with the plane of vibration. Even a s[\here 
is not so good as a longish cylinder of the same weight, 
because it, must be nyich wider, and therefore a slight 
error in making the hqle for the* rod, or^any looseness 
in the hole, will throw the bob farther out of the 
symmetrical position than in a cylinder. Accordingly 
cylindrical bobs are now ‘used in all the best clocks, 
aiyl it is better also to make the tops of turret, clack 
pendulums domical, t# prevent bits** of dirt (or* f matter 
out of its proper place 9 ) from lodging upon them, 
which would alter the time. wv 

An iron bob of this shape, 9 inches wide and 15 high, 
weighs 2 cwt. 14 lbs., and a lecondf zinc compensated 
pendulum with such a bob measures , exactly 8 feet to 
tjie bottom of it. A second pendulum witfi a bob 
13 x *8 inches is 5 feet 9 inches to the bottom 0/ the 
bob; and a regulator pendulum with a ^cylindrical 
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lead bob (npt domeji) 8x2 inches is 43 inches to the 

bottom. *1 think it is a mistake to put these lead bobs 
• • * • #• . 
in grass gases, as they us willy .are, for it increases the 

bulk #and the resijtance of t Jje air, more than it does. 

the m weight/ and is of# mo use whatever, and some 

expense. # 

Shovt an<J slow* pendulums. .There is a kind of 
pefidulunj which is properly enough used in the 
instrument called a metronome , for counting the time 
in,music lessons in a way that requires no particular 
accuracy, *and occasionally, but very improperly, used 
'for small clocks. It follows from the propositions I 
«*tave bedn explaining, that if a pendulum with a rod of 
sensible weight is set vibrating on an axis very little 
abovefits c. g. it will vibrate slowly, like a scalebeam; 
and consequently you l ipay have a 2 seconds pendulum 
# in the compass of a few inches. But even if the weight 
of it were equal to that*, of a la^ge pendulum, its re- 
gulating power, or power to resist disturbance, would 
be* very much less, because that is measured by the 
jnoment of inertia M/*, and therefore increases not 
merely with the length but* the square of the length. 
The Jime of a metronome pendulum is adjusted by^a 
small sliding weight on the nod above the axis of 
vibration, the*bdb being of course below it. Moving 
the weight brings the c. g. of the whole nearer to 
the axis, and also increases the M/ 2 of the whole, and 
so in f both ways nfakes ty ^0 slower, and vice versd . It 
is kept going by % a rbughly made watch movement and 
a common recoil escapement/ such as I shall describe 
presently for clocks. 
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^ All the foregoing propositions about the centre of 
oscillation may seem of very*ljjttle importarfoe to those 
who only know that most clock pendulums consist of a 
wire, or a light woo<Jen rod, and a # bob bf^no gr»at size, 
*and that the length required 4 o beat any given time 
can therefore be found nearly enough by the rule that 
4 he time varies as. V length, and then adjusted by tgal. 
But there is another condition which has to be satisfied 
by the pendulums of all clocks pretending to accuracy* " 
and with which the centre of oscillaticm has> a great 
deal to do, and must be distinguished from the centre 
of gravity. That condition is that the pendulum must 
preserve the same effective leggldi or radius of oscilla- 
tion, however its real length may be increased by heat 
or shortened by cold # as it uyll be whatever it is made 
of; and it is evident Jth at the ^)lace of^the centre of 
oscillation must be known before we can make tiny 
calculations or contrivances for keeping it in the samp 
place. If l is the cffectivS length of the pendulum and 
dl k the very small increase of it for any given i^crqpse 
of temperature, and *dt the corresponding iijprease of 


.. ... t -f* dt \/ l+dl d'l %/ 1 \ . 

tun*, then ^ = i + -,smce(-) is 

so small that it may be neglqpted ; oj}dt = and the 


,dl 


daily loss of the clock will be 43200 seconds. The 


,dl 


following values of -j fot 10° of heat are given in the 
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books for the various materials which can be used for 
pendu^uiqs: , 

» v 1 * „• 


White deal . ... 

r * fl 

•000023 

Flint 1 glass . • V . 1 

•000048 

Steel rod . . % . . 

•000064 

^Cast ij;on . . t . 

Ir^n rod «. • . . . 

•000066 

•00007 

Brass « . 

•00010 

Lead 

•00016 

Zinc 

•00017 

Mercury (in bulk, not length) 

•> « 

•0010 


Therefore a common pendulum with an iron rod will 
. Jose 43209 x '00007 = 3 seconds a day for io° rise of 
temperature, and if adjusted to go right in winter will 
lose about a mmute a week in summer, unless it 
happens to be counteracted by some error of the clock 
in the other -direction. Now assuming for simplicity 
of explanation, that the ‘Weight of the rod is immaterial, 
it is evident from the above table that if you set a brass 
tube of 6*4 feet on a nut at the bottom of a steel 
« pehdtflum rod of ip feet, and fix the bob to the top o* 
the tube, it will keep at the sahae height under any 
variation of temperature, since the steel rod will let it 
down only just as much as the flfctss column raises it. 
But this would be a very inconvenient way of making 
a pendulum, with a tail below the bob more than 
double the length of the rod above it ; and the same 
effect may be produced by breaking the lengths up, so 
as to get them &11 above the bob, taking care that the ► 
.most expansive metal is ‘always placed so as act as a 
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column and the least expansive al a wire* This wis 
the old gridiron pendulum, invented by Ha^rigpn, the 
carpenter, who afterwards became a celebraUGd cleck- 
'tnaker early in the last contu^y. The control stefil rod 
has a broad nut screwed t S the bottom, from which 
two stiff brass rods rise, one? on f each, side, and they 
•carry a cross liead'at their top, with sfchole for'the 
central rod to go through, and from it hang a pair of 
steel rods or wires, with a longe* cross head screwed to 
their lower ends, from which rises a second pair of brass 
columns carrying a still longer cross head from which 
hangs a second pair of steel rods, and they carry the 
bob. The length of thebeentyal rod and the two pairs 

of steel rods together must be in the ratio of to that 

of the two pairs of brass rods* together^ and it it* easy 
to see that that cannot be done within the length of the 
pendulum* with a legs numtfbr qf rods than nin$. In 
fact, if iron was used instead of steel it«would require 
two more pairs. Of course it i& the same thing if tubes 
are used instead of each qr any pair of rods, which was 
the form given to this pendulum by Trougliton the. 
optician. t • • 

But all these rods together have* a very considerable 
weight of their own, and the assumption that either 
the centre of gravit^bf the bob, or of the wdiole pendu- 
lum, may be taken as nearly identical with the centre 
of oscillation, becomes praejic^lly as well as theoretically 
too erroneous to be admitted. The 4irst effeqt is that 
the total length of the visible pendufum has \p be 
increased, because loading the rod of & penSulum above 

the bob accelerates it ; and then, when Jou have got 

- • * 
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& near approximation to the proper length of the whole, 
the lergths of the compensation rods or tubes, and 
the ( bob \tself have to be calculated so as to keep, not 
the centre^ of gravity, but thd centre of oscillation at 
the kame height always. ( It is stated however, that the 
ceptre ^of gravity of (the ( bob in*Troughton*s pendulum 
was only ;4 inch below the centre of oscillation, the 
bob being r of the lens form. 

Fortunately it is not really necessary, or even ad- 
visable, tq. calculate the lengths of all the parts of 
a compensated pendulum in this way, which would 
be a very serious operation. It is not advisable, 
"because these tabular rates of expansion cannot always 
be relied on, something depending on the working of 
>he metal ; and it is not necessary to calculate more 
than*h first, or at the fliost a second approximation, 
"Because the final 1 adjustments can be easily made by 
trial, «nnd must; be, for the reason just now given. 
Gridiron pendulums are now quite obsolete, and there- 
fore it is unnecessary to* give details of their lengths. 
Some of them may be found in the volume on 
Mechanics by Captain Kater, in Lardner's Cyclopedia, 
besideS some other constructions of pendulums which r I 
do not think it necessary to describe here. 

Zinc 'and Iron. The compensation which is most 
analogous to the gridiron is the most recent of all, 
made of zinc and ii;on, which would no doubt have been 
inventBd long ago if the* nlode of working zinc had 
been known. Ydu see from the table that if zinc is 
used ‘instead oi brass, the sum of the iron rods must 
be to the zinc as 17 to 7, or the zinc = *41 of the iron, 
(reckoning of course each pair as one column or rod) ; 
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which will enable you to do with ofcly one length of zific 
and one length of iroi^rods or tube besides ttye principal 
rod. And as the zinc dolurfln is necessarily o#^he tame 
" length as the rods or tube wljich hang frofc^ it dcfton to 
the bottom of the bob, we sffall have this equation for 
finding the length z o£ the zme, pnd Qf the iron tube 
• also (calling the main rod r from tTie point of *suspen- 
sion to the nut at the bottom)?: z = *41 (r + z ), wliich 
gives £ = m jr. * § 

This indeed is not strictly correct, because the bob 
has an expansion of its own, and if it is of iron it is 
the same as if the iron tube was attached to the bob 
at the centre of oscillation, wjrich we sh&ll see* generally 
coincides pretty nearly with the centre of the bob ex- 
cept when the tubes are very he|iwy. But op the wholg^ 
this rule, that the zinc tube should be *7 x the length 
of the main rod, very nearly agrees with what is found 
by trial to be the right proportion in pendulum jods of 
various lengths, from *15 feet down to ; except that 
in long pendulums the rods*and tubes are generally 
thicker in proportion tb|m in short ones, and conse- 
quently the centre of gravity of the bob (not of the pen* 
dulum, which is always above O, |emember) haft t<J be* 
farther below the centre of oscillation O, and z has to 
be* (71 or 72) x the length of the rod. In the West- 
minster pendulum l&e c. g. of bob is nearly 8 inches 
below O, as will be more fully given hereafter; in 
an 88 inch pendulum with & bob 15 inches high and 
9 inches wide the e. g. # is inches »below O, # and only 
'about i inch below in a 39 inch pendufiim with & lead 
bob 8x2 inches, and there the zinc tu&e is exactly 
7 r. I may observe that* the zinc must be drawn 
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Fig. 8, 





( and not cast, or its expansion 
cannot be jielied on, as the metal 
is totf soft and porous; and also 
thai^ holes must be made in the 
outside iron tube to let the air 
< reash the «zinc, or the compensa- 
tion will lag behind the changes 
of* temperature. The rod and 
tubes should not quite touch each 
other, or at any rate should fit 
very loosely, so that the friction 
between them may not impede 
theif frea motion over each other. 
This is managed in large pen- 
* r\ulums by two grooved collars C 
and M, one screwed into the top 
of the iron tube and resting on 
tjie feinc, as "shown in fig. 8, and 
the other nesting on the nut N 
at the bottom of the main rod 
and carrying the zinc ; and there 
should be a pin through a slit 
to in the rod to keep that collar M 
from turning with the nut. The 
iron tube has a thick collar * D 
screwed on to it at the bottom, 
wliipli fits into a hole in the bob. 
Thi£ Ivnd of compensation pen- 
dulum is tt so easily made, and so 
superior to all the others, except 1 
the much more costly mercurial 
one, that it ought to be applied 
/ 
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to every clock which is expected to^keep goad time and 
is exposed to the natufral variations of temperature. 

Smeaton’s pendulum. 1 have a clock wi£n an«old 
i second pendulum by Hoimes, a celebrate} plockmaker 
' of the last century, with the following compensation, 
which was invented by Sme£ton#the great engineer. 
The rod is of glass, 43 inches long -f 2 itches of steel 
spring, and on a collar screwed to the bottom^f it rests 
a thin zinc tube 1 2 J inches long/from the top of which 
is hung an iron tube of the same length, by the end 
being merely turned over, and on the bottom of that 
tube turned outwards rests a lead bob also of the same 
length, enclosing the tubes, so. that the pendulum looks 
simply like a glass rod with a lead bob. The c, o. of 
the pendulum is 6 inches from tjie bottom of the bob, 
and therefore the expansion of* 6 inches i>f lead 4- "that 
of the zinc tube upwards, has to balance that of the 
glass rod find the irtfn tube* down ward£, as you # may 
calculate from the tabid that it will very nearly. 

Wood and Lead. If the expansion of wooden rods 
could be depended on, os if it were not modified by* 
absorption of moisture, or something else which renders 
their action uncertain^ the simplest t)f all comp^nlatif>n 
pendulums would be a wooden rocl.with a Rad bob 
14 inches long. But in spite of all attempts t& make 
the rod damp-proof, it appears that every body who has 
tried the experiments carefu^has cjpne to the conclu- 
sion that they are capricious? Nevertheless, they are 
far better than an uncopapensated irdh rod. The rods 
of long church -dock pendulums are ^generally much 
too thick, and thereby contain a much larger bulk 
of absorbing matter than tl 2 ey need. A deal rod of 
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elliptical' section f inch x 2 inches will bear above 2 
tons, therefore there is no* pretence for making 

thehn any thicker. 

Mercurial pendulum^. The principle of the steel 
an J mercury pendulum, which was invented by George 
Grphqjn a clockm^ker in 171$, or thereabouts, is just 
the same #s 6f the wopd and lead. The common form 
of it is a ‘steel rod ending in a stirrup carrying a glass 
jar of mercury, which*is generally of 2 inches diameter, 
arid then £he mercury has to be 6J inches high, and its 
centre of gravity or of height is below the centre of 
^oscillation. It must be remembered in calculating the 
height of the mercury, that* ft has a lateral expansion 
of its*. own in the square of the ratio given in the table 
• for the linear expansion of the glass, or whatever else 
thenar may be made of: no metal except iron will 
do, as all the others would be amalgamated with and 
gradually dissolved by the ^mercury. It * may save 
trouble to ahy one who meaife to make the calcula- 
tion to remind him that the expansion is so small that 
^instead of squaring the long line of decimals in the 
table you need only multiply it by 2, and by 3 for 
the c&be : thus t^e square of the ratio for the io° 
linear expansion ef iron, (roooo66) a to 1, may be taken 
at 1*00013 for the increase of the capacity of an iron 
cylinder sideways ; and this deducted from the abso- 
lute or cubical expansion of the mercury *ooi will 
give fhe ratio of its- rise, tod that ratio multiplied by 
the height of t tfee c.o. of the pendulum above the 
bottom of „the\ mercury ought to = the descent of 
the c.o. by ^reason of the expansion of the steel rod. 

^It is not worth while to go through the calculations, 
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because the thing must be finally adjusted Jby experi- 
ment, and one grdat advantage of the •mercurial 
pendulum is that it can tfe adjusted so ea&ly. *Mr. 
Dent, who has long usfcd only ifon *j sf m pendulums • 
in his astronomical clocks, finds that, the height of 
mercury required in them is 0*8 inches* and the^wejght 
•about 12 lbs. and the, bottom of the jarMs inches 
from the top of the pendulum.* The advant&ges of the 
iron jar are the greater compactness of its shape, the 
rod being simply screwed into the cap nithout the 
clumsy looking apparatus of a stirrup— its portability, 
compared with a glass jar pendulum of the common 
kind — the power of heating the mercuiy in tEe jar so 
as to drive off air bubbles — and the complete qontact 
between the two principal materials of ^the^pendulum*** 
for the rod also plunges dbwn into the mefcurv. 
Nevertheless, no other London clockmaker will use 
these pendulums, so far as I*hav£ seen, though tie old 
ones have not one single point of superiority over tl^em, 
except being rather cheaper ; which however is of little 
consequence in the price of a good astronominal cloclf, 
Avhich runs from 40/. to 80/. ; and in such clocks morer 
than the whole cost of the peitlulum is ^eherally • 
thrown away in work for which the .clock is not really 
worth one farthing more as a timekeeper. # 

Several different forms of the glass jar pendulum 
have been proposed for avoyiipg thg objections to -the 
common form, and the expense qf the iron jar. 9 Cap- 
tain Kater’s, described jin vol. 130 of the Philosophical 
'Transactions, with his escapement, /s the. simplest, 
consisting merely of a glass jar with a flange or rim 
round the top, which is hung to a solid iron cap by . 
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a‘ screw riifg surrortoding the cylinder; the rod goes' 
through the cap* He had a glads rod, but a steel one 
would W better and easier fo make, requiring no 
t cementing the *glass, as ati the other plans do, of 
glass jars without a stirrup : in one 
of tli^m, patented by Mr. Loseby, 
the rod k has, to move through a* 
stuflsng box at the bottom also. 
Kafcer’s also makes the top of the 
jar inconveniently large; but that 
might be got over by contracting 
the jar above the mercury and a 
little below the top, and making 
the ring in two pieces. The whole 
woytld then assume this form, of 
which the construction is obvious. 

<• The short cross piece just above the 
jar 4 is k handle pinned to the rod, 
to hold it by when you turn the 
jar to regulate the length of the 
pendulum* # and an index comes 
down from it to the divisions on the 
aap. *Thcre should be a small hole 
4 *n the cap, with a screw plug, for 
adjusting the quantity of mercury, which will require 
rather less .height than in a stirrup. The only thing 
requiring care in {pairing fliis pendulum would be the 
fitting*of the cap a^d ring to the jar flange, which 
would easily be tflrncd or ground true by setting the 
jar on a ejmek^ a lathe* A piece of greased leathef 
should be fitted in tight between the jar and the cap. 

I shall have another partial mercurial compensation 
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to notice after the calculations ftr # pendifhpn regula- 
tion, which are neceAary for understanding ity 
Compound bar compensation. This is one*bf a 
totally different character, -and il fcfuydcd on the* 
principle of the compensated balance in watbhes. 
W C W is a compound bar 6f bjft^ss and iron gr steel 
brazed together with the, brags side ddwnjrards. , As 
brass expands more than iftrn, the £>ar*will bend 
upwards as it gets warmer And carry the weights 



W W with it, and they may be » aajusted both by 
magnitude and position **as to. raise the centre of 
oscillation as mueh as the elongation of the pendulum 
rod 4ets it down. I cannot give ayf details of the 
proportions, as this plan does not appear have been 
used in England except in experiments, afid Mr. D^gt. 
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tells me it was fouhd inferior to the other methods* 
over which JL do not see that it has any advantage 
except the facility of adjustment. It is said in Rater's 
1 treatise to r «havfe answered iif France, but the French 
seem tp prefer complicated compensations to simple 
one^. Jt might however be used to complete the ad- 
justment qf Another compensation left imperfect for 
that purpose, t in which r case the weights would only 
need to be very small. 1 

Homogeneous compensation. Ail the compensa- 
tions I have yet mentioned require the use of at least 
two subsj£ances c of different expansibility; but there is 
one which does not; and though it is practically of 
little or no value, in any form in which it has yet been 
‘-tnade or suggested, lt»*is worth while to describe the 
principle of*it.» If the pendulum spring is drawn up 
through a close slit in the cock, as much as the pen- 
dulum? lengthens by »heat, its effective length will 
remain the satne; and this msQr be done by various 
arrangements, of which the simplest is hanging the 
spring to another cock abov6 the slit one, set on the 
top # of a stiff bar long enough to expand upwards as 
’ much as the pendulum rod expands downwards. This 
bar may be either » of the same or of a different metal 
from* the pendulum rod, and its length will of course 
depfend on its material ; or the slit cock may be on one 
end of a lever, of which the other is pulled down by a 
wire of the same length and metal as the pendulum rod. 
But there is arsenous objection to this plan in every 
form*, if th? alibis loose enough to let the spring «lide* 
up and down through it, it is too loose for the proper 
.action of thfe pendulum, which we shall see hereafter 
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' absolutely requires a firm fixing 0/ the pointjof suspen- 
sion. Nearly all t&b French turret c\ock^. in the 
Exhibition of 1851 which kad any compensation* had 
this in some form or othbr. * I think tlfens«yas not one' 
with a zinc compensation pendulum. * 

Ellicott’s pendulilm. tfbere? js another had.«ne 
* which is still used in small l£rench clocks, though it 
has long ago been abandoned*in England where it was 
invented, by Ellicott a clockmaker in the last century. 
A C the main rod is of iron or steel, and it has a pair 
of levers set on a cross pin at 
the bottom, of which only one 
B C D is shown here : at A’there 
is a strong collar fixed to the 
rod, and between that collar* 
and the short arm of each lever 

stands a stiff brass rod. The 
• . • • 
bob bangs by two pins, of which • 

D is one, on the lon£ arms of 
the levers; and it is evident 
that by a proper adjustment 
of the levers the bob may be 
made to rise under {he expan- 
sion of the brass rods just as 
much as the expansion of the 
iron rod lets down C, the axis 
of the levers. But this aotien 
involves dUsiderable frfction 
f at P, and the pressure on the 
endfi of the brass rods must very dTucb exceed the 
weight of the pendulum, anfl it is said to mpve by jerks, 
and is altogether inferior ^ven to the did gridirgp,. 
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t and mucl^ more, to \he zinc or mercurial pendulum, 
besides ^jeing mtich more difficfcft to make properly. 
I suppose they are only made because they have a 
•kind of sqeuiiftc look tc*. igftorant people, in clocks 
made to show and to sell. 

* / EEGULATIOg OP* PENDULUMS. 

After a pendulum is made as nearly as possible of 
the proper length, it is necessary to have some means of 
adjusting it, so as to swing exactly in the proper time, and 
the adjustment^itself may require altering from time to 
time according to changes in the state of the clock. 
This isedone very simply by a nut at the bottom of the 
«3»od, or the ‘principal' fod if there are several, by which 
of codrse you can raise or lower the bob, with the com- 
pensation rods if there are any. In the better class of 
pendulums the* nut is n made with a large graduated 
head and an inSex over it to mark how much you turn 
it ; and if you know what alteration of time is due to 
one turn of the nut, you can subdivide it as you want. 
If the length of the whole rod is called l and one turn 
*of the screw dl (beinjj very small in proportion to l), it 

will jaltec tlie time* 43200 j seconds a day, the calcula- 
tion 4 being exactly the same as that at page 51, for the 
alteration by tempes&ture* «So if the threads are ^ in. 
apart, and the rod 43 inches iong, one tun^of the nut 
will just alter t^e clock a minute a day. 

Burl this /no&i of occasional regulation is incon- 
venient, especially for larjje pendulums. Even small 
oqgs rt is better not to stoj^ and disturb if you can help 
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it j and raising the heavy bob of a farg£ pendulum 
is an unpleasant opelation and requires some^special 
provision to avoid twisting* either the compensation 
tubes or rods, or worse ^til^ the Spring # git the top. 
Accordingly, Mr. Dent used ^5 have his turret clcfek- 
pendulums set a little too slofv by* the screw, and thpn 
raised JJiem up to the prpper time by laying small 
weights on the top of the bofi; and he p vft a small 
sliding weight on the rod of his * regulators 9 or astro- 
nomical clocks. Hut there is a better plan than either 
of these, which is now used in all the best turret clocks. 
The pendulums of astronomical clocks are seldom regu- 
lated to any great nicety? but the rate is tried from 
time to time by observations and registered. ^ The 
mode of regulating by small weights is this 
There is a certain place in thb rod where the addition 
of a small weight accelerates the pendulum more than 
anywhere else, and it*may be proved by # the theqry of 
maxima and minima (which involves the differential 
calculus) that that place is the middle qf the length l 
the radius of oscillation. *And further, any moving of* 
the weight a little way up and down near that maxi- • 
mum point produces no sensible effect on the timl, afid 
for that reason the sliding weight plan is a bad one, 
besides involving the stopping of the pendulunl. The 
safest way of finding what small weight myst be laid 
on a collar fixed at or ne^r # the ipiddle of the pen* 
dulun> to aoselerate it b> dby given amount,® is to 
put on a weight large pnough to p/oduce some con- 
siderable error in a day, and try wh§Jrit # is,by ano- 
ther good clock, and then divide it for smaller cor- 
rections. The calculation for it is as follows : — 
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Let t the ol<f time, and t x the new, due to the 
additio^ef a small weight mg •it the distance d from 
theP top of £he pendulum* M * representing the mass 
of the whok^pfcnd&lum as ushal ; then according to the 

/ . , . tt /M l*+md* , 

ntog.ven.tBp, 44 44 , 

as *t = Tty if you expand the numerator and denomi- 
nator of this fraction by the binomial theorem, neglect- 
ing terms smaller than — , you will have / — t x = 

Therefore if d = the d acceleration AT will be 
86400m . _ M 

— 11” 5 2 r a wei SW ; = ’~ Q g ~ 0 = ounce on a pen- 

duliftn of 6 cwt. laid on # a collar half way down the rod 
will accelerate it*& second^ a day. If the collar is only 

at the distant — from the tojj, the weight must be 

• 3 t 

M 

**7200 a secon( * a °f vei 7 near ty 1 g ra * n to a 

• pound (av.), which is 7000 grains. These small weights 
can eXsily be put ofl or taken off without disturbing the 
pendulum ; and if you have a set of them marked £, 

1, 2, 4* according to the number of second^ a day by 
which they will accelerate, you can make any regulation 
of it for a range* of eiyors amounting to 8 seconds a 
day ; # for anything beyoncl that you must miter the regu- 
lating screw a| tfie bottom. Xjt should be set to lose a 
little without &gy of the small weights, so that* there 
may always be some of them on and therefore some 
. ready to take off if the cjpck gains. 
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There may be cases where it \s more •convenient 
to regulate the pendbium by laying 4he weights on 
the top of the bob. The prihciple is just the same,4>ut 
the weights have to be larger, and the risk pf disturb- 
ance is greater. In that cas? # the calculation will •be, 
supposing b to be the distancefof <f.o; below the top.of 


the bob, t x = - 1 — 


tt \/Mf 4- m[l —A) 9 


expanding this 


^9 s/m + m {l— b) 

as before, and neglecting mb 8 now as the small quantity, 

we shall have AT the daily acceleration = 

J Ml 


in seconds. To compare, this practically with tffe other 

plan, suppose b = — , which is as much as it is likely to 

12 # • • 

be, then AT = instead of — ; or the re- 

gulating weights must be just tjiree times as lajjge to 
produce the same effect on the top of th# bob as hgdf- 
way up the 4, rod. 

Mercurial tube compensation. This suggests* 
another possible mode of compensating very long pen- • 
dulums at little more expense tharf short ones. • If a 
small piece* were taken off the bottouL of the bob and 
put on the tod at half its height, we should be # accele- 
rating the pendulum in both ways. And the pendulum 
can be made to do this fo^itjelf, by making a cistern 
for mercury in the bottom 6f 4 long cast iron bobj with 
a thin tube rising from Jit and ending in a bulb half 
>?ay up the rod. The mercury should/pist rpach^the 
bulb in the coldest weather, and then more of it will be 
squeezed up out of the cistern into the bulb* as it gets 
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warmer. We know^that an iron rod pendulum will lose 
three secQnds a<day for io° of hffet, and also that if a 
weight m is transferred to the bulb from the bottom of 

i ? f C / 

the bob (Ageing assumpij to be — as before), AT will 
• =*^'10800+3600) ; therefore for 3 seconds, m must 

* ® t' ^ 

= — =*o^ 02M neafly ; which must be the excess of 

expansion of the bulk of mercury above that of the iron 
cistern itself. This excess for io° = *ooo8. Therefore 
if the mercury is about \ of the weight of the whole 
bob it ^ill do the compensation in this way. The pen- 
dulum rod should be a tube large enough to inclose the 
^ mercurial, one and ,Hs bnlb ; and the cistern should 
have a large sprew-plug 1 to adjust the quantity of mer- 
cury that it will hold. I do not mean to say that this 
plan^would be worth adopting for pendulums of such 
lengths as cap be easily managed with zinc tubes ; but 
the difficulty of making them stiff enough increases 
* rapidly with the length and weight of the pendulum: 
t and at any rate the principle of such a possible compen- 
sation is # worth knaving. 

SUSPENSION OF PENDULUM. 

l. 

# as 

Pendulums for experiments on their own time or on 
the force of gravity (suth,<as the Astronomer Royal’s 
experiments in tSie Ilarton coal mine in 1854 to calcu- 
late the weigfi^of the earth), are always suspended on 
knife edges like a scalebeam, because the usual suspen- 
sion by a Spring affects the lime of vibration to some 
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extent, however thin it may be. Sluch* pendulums are 
not connected witht t clocks, but set swirling by 
themselves and compared# with an adjacent d(pck 
pendulum for counting tlyrir vibratiQns. # Airis suspen- 
sion will not do for clocks, because the knife fcdges jmd - 
the planes which carry them w^ar qut of shape, however 
they are made ; and it is also difficult to £eep thfe axis 
of motion exactly in the sa&e pjace. • 

The late Mr. Yulliamv, under some •strange mis- 
apprehension of a passage in a French book abgut 
chronometer springs, took it into his head that heavy 
pendulums ought to be hung on portions of large 
friction wheels, which cqrjainly do involve a very small 
amount of friction, provided the rolling faces are kept 
very clean and well oiled. But tl^e expense is so* 1 great 
and such delicacy of adjustment is required tliat hg was 
only able to do it in two instances, ^nd to propose it 
in his plan for the ^Westminster clock# Since I de- 
scribed it in the first edition of tSis book # I have seen it 
at work in the Post-office clock* (for which he had 8 <SoL, 
and a better could now be made for 150/.), and I have* 
also seen a great deal more of large clockmaking than 
I had then, and I am convinced it is not qplytfin 
useless but mischievous expense, however plausible it 
may appear It was just worth recording aS a warning 
against reinventing it. 

The pendulums of small French clocks*lare often 
hung by a piece of string ; .^hjr, I d<f not know, it is 
certainly not better, and I should think not sensibly 
cheaper than a spring, which is used iijjthe American 
clocks, which are the cheapest in the world, and are — or 
rather were until they became intolerably bad through 
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competition, much r better than .the great majority of 
the French ornamental clocks ; of w^peh I believe there 
are t nearly as many in England, standing still as going, 
and not a quarter of those that go can be depended on 
to five minutes a week, < % 

The best mode pf suspending clock pendulums is 
undoubtedly f< by a f thin spring, as shown at p. 56; not 
that the plastic force of thef spring is of any use, but it 
has the advantage of being perfectly free from friction. 
It, is said in the article on clockmaking in the 
Encyclopedia Metropolitana } that a spring ’003 inch 
thick affects the vibratioq§ of a pendulum of 14 lbs. 
less then any other spring either thicker or thinner. 
If this is so, it must be because a thinner spring is not 
merely bent but strained by a pendulum of that weight, 
whiph would soon break it in use. But other persons 
who have tried similar experiments say they found a 
different result, and thafc the thinner the springs are 
(so long as they are riot visibly strained or. set\ the less 
thGy alter the rate of the pendulum from a free one 
on knife edges: which certainly seems to me more 
probable. It is essential that a pendulum spring 
should be quite uniform in all respects from one edge 
to the cOther, and also that the point of suspension 
should <be firm arid steady, which can only be secured 
by the chops which hold it being screwed closely to it 
and firmlp^fixed also themselves. And yet, with the 
usualjpreference 0? mankind for doing wrong when it 
is quite as easy <to do right, it is very common to find 
the fixed choys thin and thofce of the pendulum tqp 
thick, which have no strain upon them and need only 
be thick enough to hold the screws. 
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In c.ommon clocks^ the cock frfin yliicji the pen* 
dulum hangs is ^|wpd to the back plate of 4he clock 
frame and has merely slit # in it, through ♦hich Jthe 
spring hangs by a pin or rivet through its top. Bat in 
all the better class of clocl^ either large .or small, 
which have heavy pendulums for t^ieir size, the spring 
is screwed fast between two brass #r ifon chops *aa*in 
fig. 8, and there is a large •pin#throiigh them and the 
spring, with shoulders, so that it will just drop tightly 
into Vs in the two sides of the cock. The cock is 
then a much stronger thing than in common .clocks, 
and is screwed to the back of the case, or the wall, or 
some other fixture, so that the ‘ movement 3 (or«train of 
wheels) can be taken away leaving the pendulum 
hanging : sometimes the pin has nuts on the ends to 
adjust the place of the pendplfcm exactly* The Vs 
are very often made too acute, which ^just frustrates 
their object of leaving the.pendulum free to adjust 
itself so Jhat the top of the spring or the bottom <JF the 
chops may be exactly level. A very olftuse angle is 
obviously enough to keep the pendulum in its place,^ 
and nothing beyond that h required. 

I have several times had letters complaining tfyat* 
people could not keep their pendulum springs from 
breaking. As they cannot all have* been bad^ones, I 
have no doubt the causes were, either the bottom of 
the chops not being level, in which case tfeere is "an 
unequal strain on the spring, whi%h will make the 
pendulum swing unevenly **at any rgte; or else, and 
ipore probably, the edges of the chops being left sharp, 
instead of being just rounded off witiTa.file, asfthe 
broken springs have looked, as if they ware cut. I 
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think the f . best wfy of letting^ the spring into the 
pendulum top is to cut a broad it, and fill it up 
wi^i the spring' and two pieces^ of brass which will just 
fit ifc and Chen put two screws through the whole 
together. You cannot ,6ut an even slit only just the 
thickness of the spring, unless the spring is much 
tliickOr than it* ought to be. 

A spripg cloes not bend only at one point as a string 
does ; and therefore a pendulum bob hung by a spring 
dpes not move exactly in a circle, but in something 
more like a cycloid described with that radius of 
curvature, as in fig. 7, p^8 ; and it has often been 
attempted to c make springs which would render the 
pendulum absolutely isochronous for all such arcs as it 
is likely to swing. Possibly the thing could be done, 
if if was* worth doifig; but both I and some other 
persons who have spent a great deal of time on ex- 
periments have come to the conplusion that it is not, 
for reasons which will appear when we come to^ consider 
the effect of the escapement oh the time of vibration. 
Indeed. I may say at once, with respect to the only 
escapement I have yet described, and all others on the 
recoi^ng principle^ that the circular error, which it is 
the object of these spring contrivances to correct, is 
already more th rfh corrected by those escapements; 
for the clocks never lose, but gain, when the arc of 
the pendulum increases ; so that the circular error is 
actually useful foi? counteracting the escapement error, 
and the clock goes better than it would with a perfect 
cycloidal pendulum, or any equivalent contrivance* ^ 

It is hardly necessary to say that the whole 6f the 
pendulum ‘suspension should be so adjusted that the 
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bend of the spring mby be exactly opposite Jbe pivot 
of the pallet arror, in order that the fork which 
embraces the pendulum) as &escribed at gage 36,^ftay 
have as little friction upon it as possible* JEt # must not 
however be tight, for the reason iust now given, \iz, 
that no point in the pendulum* desqjbesr quite a circle, 
and the difference is sensible egough generally to sfop 
the clock if the fork fits the peftdulum rod too tightly. 
It is equally necessary that the plane of vibration of 
the pendulum should be exactly at right angles to the 
pallet arbor, or else there will be a sliding motion of 
the pendulum backwards 2nd forward^ in tlje fork. 
But obvious as these thirfgfe arq, they are all constantly 
neglected, especially in large clocks, where the fristion 
of all the parts is also the greatest * The^fork indeed is 
seldom left too tight, because tfiat mistalae tells its *own 
story directly ; but by way of making up for it, it is 
very often so loose that you hea* the shake of itrirom 
one side to the other at^every bpat. Thefe ought to.be 
a drop of oil there, as that is just enough (if the fit is 
right) to keep a steady bold without either shake or 
tightness, since oiled surfaces are not really in metallic 
contact. Sometimes # heavy pendulums are hung by 
two narrow springs instead of one broad and thin one, 
to secure tlie vibration in the proper plane ; but? it is a 
bad plan, because it is difficult to get the two springs 
equal in all respects. The springs of ‘ regulator ' pen- 
dulums of 14 or 15 lbs. are' generally # about J an inch 
broad and 2 inches long.; I mean clear qf the chops of 
course; that of the 6 cwt. pendulum at Westminster is 
3 inches by 5 and -gV inch thysk. # 

There should^ always be a degree plate, with a pointer^ 
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to it on fc the pendulum wherever it can be most con- 
veniently, seen. • The length of $ on'the plate is always 
•of x its distance from the top' of the pendulum j and 
as the only pse of the decree plate is to see that the 
peddulum keeps the same arc, or to see how it varies, 
no.VQ.ry great accuj&cy iS required in the degrees. 

e 

I 

ESCAPEMENTS. 

Anchor pallets. The next important invention 
which followed that of pendulums, and that very soon, 
was a p.air of, anchor-like pallets moving in the plane 
of the scapewheel, instead of the * vertical escapement ’ 
witb-pallets set across a crownwheel, which being very 
short required a long owing of the pendulum to let the 
wheel escape. 1 It is not indeed absolutely necessary 
that crown wheel pallets should be very short, and they 
wouhl go with less friction if they were long and the 
teeth of the Wheel few,; but the recoil would be more 
violent, and they would require more careful adjust- 
ment, and as a matter of fact they always were short. 
'.Anchor pallets in ^ the form in which they were first 
invented, either by Dr. Hooke, .whom I have already 
mentionecLas one of the claimants of the pendulum, or 
by Cleihents, a London clockmaker of his ‘time, had a 
recoil, no less than the crownwheel pallets, but they 
could be made tf escape*, at as small an arc as you 
please. Fig. 12 i| a drawing of the recoil escapement, as 
it is always catted, which is still used in all the common 
clocks in the world, though it has long been 'aban- 
doned in jdl that mals,e any pretension to- great 
accuracy. ’ * • 
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In this drawing tpe tooth a has just escaped from 

the left pallet A, an S b has dropped'on to* pallet B; 
the pendulum is therefore moving the left, and jt* will 
not stop immediately but vjjll go on *a Jittle farther 
and so make the 
wheel recoil a little, 
hs you may see 
clearly enough in 
any old-fashioned 
house-clock with a 
seconds hand : as it 
returns, the wheel 
urges the pendu- 
lum again to the 
right and so gives 
the impulse which 
is necessary to 
maintain its mo- 
tion against the 
resistance of the 
air and the friction 
of the escapement 
itself ; and then 
tooth b escapes and 
the tooth below a 
falls on A and the 
same action takes 
place there. You 
pb&Qrve that I have • I 

drawh the acting faces convex. For some theoretical 
reasons they ought to be concave ; but as* very often 
happens in clockwork, the* one practicaf reason nj^« 
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friction preponderates the other Jay. Even if they are 
made flat* the teeth always wcarfioles in them, though 
the 4 teeth are of brass and the pallets of steel, made as 
hard as possible, and it is evident that the friction at 
the 4 recoil is much greater if the pallets are concave 
th/m r ponvex. Moy covet* it is always found that as the 
pendulum art decreases frojn any decrease of force in 
the clock 4 it Joses, and 'vice versd; and concave pallets 
would not diminish this error, but increase it. Some 
considerable persons stuck to this escapement for some 
time after the dead escapement was invented, being 
apparently misled by the fact that variations of force 
produce less variation of the* arc in this than in the 
deads, escapement, because the friction of the recoil 
checks the arc, ; but it does not follow that the varia- 
tion^ of time rre less : in fact it has been proved both 
by experience and calculation that they are not. 

Harrison’s recoil * 4 escapement had scarcely any 

friction. It Was invented by* him when he was a 

working carpenter in Lincolnshire. Any one who 

wants to see a description of it will find one in the 

7th edition of the Encyclopedia Britannica ; but I did 

not tlnnk it worth C while to repeat it in the 8th; nor 

here, as it is a mere obsolete curiosity, and nobody else 

evef made it to answer, even before better chings were 

indented, «Xf such a thing were worth doing, it might 

be done much more siipply by a three-legged scape- 

wheell such as I shall describe as one form of the dead 
9 \ 

escapement (a£ fig. i6a), but without the horizontal or 
dead pallets There, and with the impulse pallets set 
deeper and r not in the same line, though parallel to the 
pendulum.' The impulse, would be given with nearly 
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as little friction as it|is there, and^he recoil would also 



have very little; ane^if the force oq the sftapewheel 
were made uniform, as it# may be by* a contrivance 
which I shall describe for turret clock$ there »is no 
reason why such an escapeioent should go yery 
well, though the dead pne wojild gfb Setter. 
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In fig.* 13, as in fig. 12, a tooth of the scapewheel has 
just escaped from pallet A and another has just fallen 
on to pallet B ; but the face on which it falls is very 
different, as the shape of teeth also is/ but that is only 
to give room for clearance, and in both cases it is only** 
the point of the tooth that acts. Jlere you see the" face 
of the pallet is divided into two, and on6 part is %n arc 
of a circle of radius C B while the othgr part is mtfch the 
same as it was in the recoil* pallets. The consequence 
evidently is that ther^ is no recoil here, # and the tooth 
lies dead on the circular factf B E (which is therefore 
called the dead face) however far the pendulum may* 
swing, until it returns to B, and then the tooth begins 
to act on the impulse face and givis the impulse toAhe 
pendulum exactly a S in the other escapement. In the * 
same way«the dead face of the other pallet is part of a 
circle with radius C D. 

• • * ^ 

This is the dead escapement, 'which was invented 
early in the last century by* tSrahanl, who invented also 
the mercurial pendulum and the horizontal watch escape, 
•mebj;; and the great advantage of it it .that although 
a slight increase of force on the scapewheel increases 
the arc of -the pendulum, it? does not sen$bly increase 
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the time, if the eslapement is properly made. This 

was first demonstrated mathem^ically by the present 

Astfonom&r Royal in the Cambridge Philosophical 

• * Transactions in 

• . Fig. n. • o /xr , TTT 

1827 (Vol. III. 

p. 105), and it 

may be made. 

tolerably clear 

in a general way 


mathematics! as 
follows. If each 
tooth could drop 
exactly on the 
corner dividing 
the dead and 
impulse faces of 
the pallet! as at 
B, it is clear 
that the impulse 
on each pallet 
would begin 
and end when 
the pendulum 
is at* the same 
distance on each 
side of zero* or the vertical. In other words! as much 
of the impulse wotfid be *gfyen while the pendulum is 
falling as while ifc is "rising, and therefore its gravity 
would be inerg^sed on one side and decreased on •thei 
other through equal arcs and during equal times, and 
therefore oif the whole the accelerating force oh the 
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pendulum, and therefore its tim% of viljration, not 
altered. Neither would the friction on the dead frees, 

I v • 7 

if it were constant throughout, and if it actefl through 
the same arcs before and after zeijo, affect the* time 
directly ; for while the pendylpm is falling 'She friejion 
acts contrary to gravity, and,witlf gravity while it is 
rising after the escape has taken place. * ^.s it is tdwdys 
resisting the motion of th£ pendulum it tepds to di- 
minish the arc; and on the other hand 1 , the impulse 
always tends to^ncrease it; so that here also therg is 
counteraction to some extent ; but as the friction on 
the pallets does not vary in any definite proportion to 
the force of the train, but sometimes one*way and some- 
times the other, no useful relation of this kind can be^ 
established. All we can say about the arc is tnST it 
increases under an increased* force or' a cli miry shed 
friction, until the remaining friction gn\he pallets and 
the resistance of the air stops the increase. 

Mr. Bloxam came to the conclusion, in his elaborate 
paper on escapements in 1853* ™ v °l* 22 of the Aitro- 
nomical Society's Transactions, that so far from the. 
dead friction being a thing to* be disregarded as constant 
and not materially affecting the Hite of the clpck^as 
Mr. Airy had assumed, it probably affects it more than 
all the other escapement errors together in'an Astrono- 
mical clock with even a moderately good train, and pi a 
way which it is ‘impossible to calculate on account of 
the different circumstance* llnder ^hich it varjps. It 
is evidently very improbable that the friction can be 
«nade the same while the point of the *Jpoth is (as we 
may say) ploughing its way up the pallet during the 
ascent of the pendulum and sliding douji it in the 
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descent. IJaving s&id this I shajjl not attempt to deal 
any farther with the dead friction, but its existence 
must be Horne in mind as capable of either mitigating 
or inareasing* the other errors, as the case may be ; and 
sonje idea o'f r ihe magniti^cb of its effect may be formed 
from this, that I hafre k^own the arc of a new church 
clo*ekn)f Mr. Yulliafty’s increase from 2°*3o' to 3°*3o' in 
the first ygar, from no other* visible cause than the self- 
polishing of pallets. 

Now let us apply the same reasonjjg to the recoil 
escapement, and we shall find that the result is just the 
opposite from that in the dead. That part of the 
impuls^whieh is within the points where the teeth fall 
on the pallets is the same as in the dead escapement, 
aiicFTBerefore may betaken not to affect the time ; but 
in thg ascendirfg portion *>f the recoil the force is acting 
with gravity, and^ so it is in the descending portion. 
Whenever the force of gravity is increased the time of 
a falling or swinging tfody is diminished ; and therefore 
on the whole any increase of the force of the clock in 
«Jhe recoil escapement tends to make the pendulum go 
faster. But the recoil resists the pendulum in rising 
asjjnuqji as it impeliit in falling, and by means of the 
friction, resists it much more ; and* as the force through 
the other portion < 5 f the arc, corresponding t to the im- 
pulse in the dead escapement, tends to increase the arc, 
they may so nearly balance each other that an increase 
of clocjt weight ma£ prod&ce^no visible alteration in the 
arc at the very seme time that it is, as we may say, 
knocking the jjendulum backwards and forwards more 
rapiJly between the same limits; whereas the dead 
escapement just sends it so»much faster as to make the 
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whole vibration take Very nearly tlie salne tSme while it 
has to pass through e longer space-*-subj§ct to the 
following modifications/ • # • 

The first of them is this : the teeth oannpt safely be 
made to drop exactly on the # dbrners of th$ pallets, «but 
must have a little of the dead, face to. fall upon; tyid 
therefore the angle or arc qf impulse before zero must 
be rather |pss than that after «ero, and ^therefore the 
tendency to increase the time preponderates. For the 
same reason theft is necessarily rather more of the dead 
friction in the descent of the pendulum, where it acts 
against gravity, than in the ascent, and so that also 
tends to slowness. The greater this difference if, or the 
higher up the dead faces the teeth drop, the greater 
causes of error are ; and yet it ^«very seldom that one 
sees a dead escapement whose® maker appears to®have 
had the least idea of this fact; fori suppose if they 
had, they Vould not make tliem $s if they thought the 
right thing was for the^ooth to fall as fai over the dead 
face of the pallets as possible, instead of falling as near 
the corner as possible. • 

Another modification is the circular error, which I 
have already explained, and whicL acts in .thfc satne 
direction as the one fast mentioned, increasing* the time 
with the increase of the force and therefore of the arc. 

But there is apother of the opposite kind ; for when 
the whole arc increases, tk^jt jportiop of the arc and of 
the time during which the imfulsq or disturbance of the 
natural time of vibration takes place tjpeomes less in 
"proportion to the whole, and that dimkrishqs tha in* 
crease of time which would otherwise be caused. 

And yet further, we h%ve hitherto assumed^ that 
• >3 # ~ 



DEAD ESCAPEMENTS. 


82 V 

nothing varies except the force of/ the scapewheel teeth 
on the pallets, and the friction* which is due thereto. 
But* the friction on the pallets may and constantly 
does tary even more thai\ the force of the clock, and 
generally lq* just the dp^osite direction ; for as the 
clock and pallets gdi dirty together, the force on the 
pallets decreaces, which accelerates the time, while the 
friction increases, whichjretards it ; and so ojjj the whole 
it is by no means certain which result will preponderate 
in the natural State of the clock, or byiiow much ; and 
the only certain way to get a steady rate out of a dead 
escapement clock is to take as much care as possible to 
keep tlft force and the frictiom constant ; which is only 
^ li>e done, and can be done in, small clocks .with light 
wheels, by, very accurate workmanship, highly finished 
and kard acting surface*, and keeping them clean and 
just sufficiently oiled, and above all a good pendulum, 
properly fixed. • It is necesSary for'this also that the two 
pivots of the great wheel should be as nearly equal as 
possible even at the cost c of making the back one larger 
-than it otherwise need be. I.have frequently observed 
the arc to be sensibly greater at that end of the week 
at%hi$h the string at the back end of the barrel, and 
therefore* the ^weight acting principally on the thin 
pivot. When a pivot has to be used also for winding 
it must be inade very much thicker than is required for 
a mere pivot, and J. wondqr that an auxiliary winding 
wheel is not used in very* fine dead escapement clocks, 
as it is in largej turret clocks, since it would enable the 
friction of th* great wheel pivots to be considerably 
reduced. It could be made to push in and out of gear 
by a lever worked by a pin|in the diid. 
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I may as well mention Here that A ‘steady rate' 
means, not necessarily* that the clock* is gojng right, 
but that it is going uniformly, or regularly gaining or 
losing exactly the same number of seconds^ day*or a 
week. The rate is always wtitten^+ when the deck 
gains, and — when it loses ; which you must remember 
is just the opposite of the, gigns appended to the ex- 
pressions for the various errors of the time in the 
mathematical formulae; for when t the time of vibration 
of the pendulum increases, dt is +, and the clock loses 
and the rate is too little or — . 

Something more precise than the above general 
reasoning is of course necessary for actually ufeasur- 
ing the different elements of variation of rate. Thisi" 
what Mr. Airy did, or rather lajd the foundation for 
doing, in the paper I have already referred to; »and 
taking it up at the point where his calculations ended 
and his inferences befgan, I 'carried it farther in , two 
papers in the CambridgekTransactiom in 1^48 and 1852 
(vols. 8, 9). His calculations are rather too long and 
complicated to insert her^ and they may be found in 
Pratt’s Mechanics and perhaps some other Cambridge* 
books; so I will take them up at the same *poifit 
here. * . » . * 

The first important mathematical result arrive*! at by 
Mr. Airy was this : If is a disturbing angular foice 
on a pendulum when it is the ingle 6 after zero 
(reckoned + when it tenda tt> increase 0 ), and«a the 
extreme arc, then the increase of timc| of one vibra- 
tion 'due to the* disturbance, which we will-call, » 

i r (f>ede 



84 \ CLOCKS. 

11 t 

this integral bfeing taken between the limits through 
which thq disturbing force acts. •fee also found a corre- 
sponding formula for the ihcrease of arc ; but that is of 
no use towards ascertaining how much the arc really 
will be increased bp ttfe c continual action of the dis- 
turbance, as it is soon limited by friction and resistance 
of air in a wfiy which cannot be calculated. 

Before •'we can make 1 any use of this value of A we 
must see what <f> is in the particular escapement. In 
order to do this let us call the angle which the impulse 
face of each pallet makes with the dead face 8 ; then, 
since the tooth, taken as a prolonged radius of the 
wheel/ought to be a tangent to the dead face, 8 will be 
•UjJfio^the inclination of the tooth to the impulse face at 
the beginning, of the* impulse; and for this purpose we 
may^ssume it «to continue the same throughout, though 
in fact it increases a little.* Let p be the distance of 
each* pallet from their arbor, and l P g the mOving force 
of the clock-weight as it arrives at the points of the 
scape wheel teeth, Ml the mass’ and length of the pen- 
* dulum (which we may treat as its equivalent simple 
<one for this calculation) ; then the equation of motion 
will bff - 

4*0 9 e , Vpff 
. * de “ l + M> ' - 

since g te t nds to decrease 6 after zero where it is 
4*, and <f), which, represepts the* other term in the 

* • I 

* If if is the motion^of the 'wheel on the pallet during each beat, the 
angle of the tooth wfch the pallet face will, be 5 4- k + + y at the end of 

the impulse on tfe, down pallet, and 8 + k — 0 — y on the up pallet : k 
cannot^ be more than 5® in a 30-toothed wheel, and 0 + 7 is never more 
than 1 ; and r.s 8 is generally ab^ut 6o°, the variation is too small to 
affect these calculations materially, r 
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equation, does the contrary. And as this, term is 
independent of 0, we have • # 

. Vp tanb p 0 d0 • 

“ "Mil 

The limits between ^which ,tbe Integration is to be 
taken are from 0 = — / 3, where the impulse logins 
before zero, to + y, some rather larger angle where it 
ends after zero ; and the result will be * 


A = 


Pp tan b 

MUa* 


( Va* — F ~ “ /) • 


Now before going any farther we n\ay see at once 
from this, that if j 3 couldbe made=y, i.e. if the impulse 
could be made to begin just as much before as it 
after zero, A would = o, and wq might jsave* ourselves 
all further trouble, and pronounce the doad escapement 
perfect, or capable of being made perfect ; so far as the 
impulse is concerned. But it seems impossible to make 
y— j 3 much less than 3©', and in fact it if seldom made 
so little. And it will not do to say that as 30' only = 
•00085, that still leaves A very small, and so the clock 
must go very well ; for it must hp remembered, first* 
that A only means tjje difference of time oft a "single 
vibration out of the whole number «T in*a day ^ and T 
is 86400 for a seconds pendulum ; and further, that A 
is not after all th$ error of the clock between one day 
and another, but only the difference«Jbetween the time 
of a pendulum swinging freely, and # one kept # going 
|or in mathematical language disturbed) by a clock 
escapement ; and therefore we shall have to go t>ne 
•step farther and find the variation of A itself before 
we can know anything about the going of the clock. 
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since A qannot *be made = o. ^ut before we do that 
it will be <conveftient to examine the value of it as it 
stanfls. * 4 

Let h be the daily fall of the clock weight Wff. The 
droja of the tooth ea£h' beat, or the space through 
which the moving force Pi g acts, nought to be nearly = 
the thickness ‘of the pallet p (/3+y) tan 8; and this 
x T (the huipber of bes:ts in the day) x P g would = 
W gh, but for the loss in the friction of the train and 
the slight difference between the actual drop of the 
tooth and its theoretical drop, which is the thickness of 
the pallet. Fo;r the present purpose it is of no conse- 
quence'whether W is a little more or less, and therefore 
v ^*vCD.ay neglect this difference and consider TP/? tan b 
"Wh « * 

= -rr — : and therefore the excess of time of the 

P+v * 

clock pendulum Over the free pendulum in the day, or 

“ AT — [— y/a'—ff— •s/a'—/ . 

v M/ra 9 «' /3+y 

This is by no means a pleasant expression to deal with 
^ in a general way; but it is* not difficult to draw the 
necessary conclusions from it, by assuming some par- 
ticular values of the different quantities, in accordance 
with what « they usually have in clocks. Although 
the error of the clock is not represented by AT, but 
by the variations of it, still if we can make AT very 
small, the variations of it <in the same escapement will 
be smaller stilly although it might happen, and in 
another kind V of escapement .does happen, that the 
variations are the least when AT is at a maximum. 
But there js no fluctuation of that kind here,; and* 
„ .before goiffg any farther ve may observe at once the 
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advantage of a long ^nd heavy pendulum, seq^ng that 
M/ is always fixed in the denominator df the expression 
• for the rate of the clock ’due to the escapement. More- 
over it is a fact that a long and .heavy f>endu]mn requires 
very little (if any) more forcd *WAf to drive it thaif a 
short and light one ; idle reason of^which is thalj. the 
chief impediment to the motion of the pendulum is 
the resistance of the air, and the resistanqp t& the sur- 
face does not increase in anything like the same propor- 
tion as the weight, if ' the bob is .of a good shaple. 
Therefore W h in the numerator need not be materially 
increased for a very great increase of MJ in the deno- 
minator, which is directly -equivalent to a very great 
increase in the accuracy of the clock ; and you will tdo 
that the same is true in the other escapements* 

The next point to consider* is the length of “the 
arc of impulse y+/ 3 . As we have already seen that 
y — /3 ought to be made as small as possible, abut 
cannot be made less lhan about 30', *let us take 
that difference as fixed, and see whether the whole 
angle of impulse y— /3 ought to be large or small 
compared with a. For simplicity fif calculation, let 
us try the effect of making a, y, and /3 in the* pro* 
portions of 8, 7, 5, and 8, 5, 3, and .8, 4, 3, keeping 
y — /3 constafit, you observe. Substituting those values 
then in the above /ormula for AT, you will- find that 
it comes out in the proportions ©f 20, -14, and 13 in the 
three cases respectively. Iir o*thcn words, it is lfetter 
not to make y nearly = q, or the impulse to last nearly 
to* the- end of the arc ; and it is satisfactory to knmv 
that tliis agrees with the conclusion which old, Mr. Dent 
came to from observation, though it is contrary to the 
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practiced most other clockmakcjrs, who seem to prefer 
that sleepy looking kind of eSfcapement in which the 
secftnd-hand moves very slowly and the ‘ excursion 9 of 
the pendulum* beyond the impulse is very little. He 
altered the transit cjock** si Greenwich from a long to a 
sfeorj impulse accordingly with £ood effect. 

Taking it then as proved* that y the angle of impulse 
after zerd' ought not to*be nearly as large as a, we shall 
be able to simplify the above value of AT by assuming 

y 

that — is so small that all higher powers of it than the 

square may bp omitted. And then (a 2 — /3 9 )±— (a 3 — /)* 
may be expanded by the binomial theorem, and only 
-terms of each expansion need be taken, and the 
equation will .assume the simple form 

' at LHhbz® 

2 Tt Ml a* * 

Mr. Airy concluded that the smaller y+/3 is, the 
better, as it Appeared in the numerator of his expression 
for AT. The cause of the mistake was that he left the ex- 
pression for the force unreduced into the terms involving 
‘ the shape of the pallets, in which we saw that y+ /3 was 
lying hid, ready to come out in the denominator of the 
fraction ; and therefore, as it is also in the numerator, 
it disappears altogether, on the assumption that y is 
nloderately small, as it ought to be; and beyond that 
the above expression for AT gives no information as to 
the proper size of y or the length of the impulse. 

But then Another considei$tion comes in. If you 
make the impulse very short, the pallet will slip away 
before the tooth has time to catch it ; and the shorter 
r tha angle* of impulse is ?the more of it is lost by the 
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inertia of the wheel (wjpch therefore ought to f be light) : 
in fact this is another reason, besides thfe necessity for 
♦leaving a little of the dead fa<& for the tooth Jo fall upOn, 
why the angle 0 at which the impulse really J^pgins can- 
not help being sensibly less tftSn ttye angle y at whifth 
it ends. Therefore also* there ?is no use in making^the 
pallet corners sharp, for thp tooth cannot follow the 
pallet immediately, and it had better slide off ft slightly 
rounded corner than drop on to the impulse face with a 
kind of jump off a sharp corner. On the whole the 
result appears to be that the escape had better take 
place at something near i°, and consequently the im- 
pulse should not begin -later than 30' before # zercf, 
assuming a the extreme arc to be 2°, which will^maVo 


r-fl _ _J_ 

27 r 720’ 


and therefore A% 


W h . 
720 Al/a 3 ' 




The value of v^pies veisy much according to the 


quality of the clock : in Jhe best astronomical clocks^it 
may be taken to be as little as ^ 0 - f to make the pendulum 
swing 2°. As the force wh;ch arrives at the pallets is 
now represented by W, we must treat it as variable 
together with the arc j and so, differentiating «AT, wS 





If there was any definite ration between the ratio 
of increase of the force and tie ape,* this would* give 
a very easy calculation for the variation of rate so 
fat as # the impulse is concerned. But there. is not, 


as it depends on the state of the different parts of 
the clock. Sometimes it mqy happen thafrthe p/o- 
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portionate 1 decease of the arc from increased friction is 
just J tliat of the force which arrives at the escapement, 
and then there will be no variation in the rate. Some- * 

i ' 

timds you may increase # the dock- weight considerably 
without making njuch* impression on the arc, if the 
pallets are dirty ; and generally in an artificial experi- 
ment of tha£ sort/ except while the arc is smaller thqn 

2°, ^ is likely to be ftss than and then the clock 

will lose, even independently of the circular error which 
tends the same way, # and which we know would be 
10800 a da if it were not in great measure corrected by 
the pendulum spring, though it is very difficult to say 
-frfjw much. On the other hand if you clean and oil 
the pallets alone the arc is sure to increase, and yet the 
clock will generally gain, because the increase is chiefly 
due to the diminution of the dead friction, which (as I 
explained before) would ‘ diminish the time, indepen- 
dently of thfe term — , ~~ belonging to the effect of 

the impulse, which retards Jess on a long arc than a 
short one. 

1 Hulf-,dead Escapement. In order to counteract the 
disposition of dead escapement clocks to gain as the arc 
decreases under ordinary circumstances (which, you 
remember, is thp opposite of what happens in the recoil 
escapement), Berfhoud a ^celebrated trench clockmaker 
invented the plan of making the dead faces not quite 
dead, but wifh'a slight recoil, so as to get a sort of 
compromise between the effects of the two escapements. 
Large clocks, which are subject to great variation of 
train force, are distinctly better when so made than 
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with quite dead pallets! Moreover tne variations of the 
arc are rathe* checked: J>y the half-dead pallets. The 
largest variations of arc- 1 ever saw in a j;o&d cloak, 
were in one of Mr. Yulliamy’s^ who use<j to take par- 
ticular pains to make his pin-wfceel pallets qdito dead by 
cutting them out of a turned cylinder of radius equal 
to their distance from the arbor. A*very (light recoil, 
such as you can hardly see in th£ motion of the wheel, 
is enough. But the best authorities arc of opinion that 
a purely dead escapement is better in astronomical 
clocks, where the friction and variations of force are 
much less than in turret clocks. 

Loseby’s isochronal spring. Another plan for iso- 
chronising the long and short arcs was invented by Mr. 
Loscby a chronometer maker in Lopdon, and exhibited 
in 1851. A large circular loop very t^in steel wire 
is set on a stud from the back of the dock case, say on 
the right side of the pendulifta, so as to ’embrace the 
rod nearly half-way down^ just catching it ^is it swings 
to the left side of the loop. The farther it swings of 
course the more it has to stretch the loop, and the 
resistance increases in a high ratio with the degree of 
elongation ; and it seems that this can be adjusted so atf 
to isochronise the pen&ulum in a dead escapement 
under great variations of the force of the train, *or of 
the clock-weight. So at least the Astronomer Royal 
reported after trying some experiment! of that kind on 
two clocks, one with the spring* and ttte other without 
it. But when this report was sent to ifie fis chairman 
of 4he*horological jury, it* at once occurred<4o me thq£ 
such experiments proved nothing as to the effect of 
such a spring on an astronomical clock in its natural 
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state, in which! the variations of, the pallet friction are 
generally greater than those of the train and produce 
th e oppositp effect, as is 'evident from the second term 
of fhe equation at page 1 89, and then the spring would 
nfake it worse. I foun$«fchat Mr. Dent had some tables 
qf the rates of several ^clocks sunder different states of 
oil on the * pallets, whicfy perfectly agreed with the 
theory, and so did s$me observations of my own on 
church clocks. * I wrote to this effect to Mr. Airy, who 
then made a different class of experiments, this time by 
artificial variations of J^he pallet friction, and he issued 
afresh report in 1853 concluding that ‘Mr. Loseby's 
invention was not perfectly successful/ I have never 
^lieard of it being adopted in any observatory clock, any 
more than half-dead pallets; notwithstanding the 
facility with ( wliich it fcan be added. At the same time 
I sec no reason why it should not be applied to any 
clock which is always found, as A matter of fact, to gain 
regularly as the arp falls off, ^nd vice versa . 

Construction of dead escapements. There is one 
more point in the theory of dead escapements which 
requires particular attention in the construction of the 
'clock, r You observe that a s appears in the denomi-. 
nator bf the expression for the variation of impulse 
rate, °land so it would in that belonging *to the dead 
friction. , That is, the three resisters of disturbance of 
the rate are the weight of the pendulum, its length, 
and«the cube of its arc. * But the arc in any given clock 
in its normal state of friction varies in some irregular 
way with 'fche force of the train, i.e. the clock-freight 
and its fall; and an increase of the weight in any 
given ratio may or may not increase the arc in the cube 
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root of that ratio : bu^ so long as the Arc is sjpall, its 
increase will most likely be a great aeal iqpre than 
*hat ; and if so there is a cle&r advantage in increaslhg 
the weight; subject always to .this nfemenjc^ that the 
circular error also increases ^i!h the arc. I had tor 
some time thought that* the diSpositym ef some clqck» 
makers, including old Mr. Dent, to reduce the weight 
as much as possible, and so let down the $rc%s low as 
i° 30' or less, was a mistake for this reason; and I 
found lately that the present Mr. Dent had also beeta 
arriving at the same conclusion, and had increased the 
arc and the weight of some of his clocks with a sensible 
improvement of their rate.. It seems that 2° is on the 
whole the best arc for a 1 sec. dead escapement pen- 
dulum : and large clocks seem to d*» better with even a 
larger arc, up to about 2 0 30'. Moreover*the variation 
of the force itself is likely to be less *in proportion if 
the force is amply sufficient to drive the train. * 
Whatever increases the arc without increasing tjie 
weight is obviously an important gain to the steadiness 
of rate ; and the principal* things which do that are 
diminution of friction and inertia of the train, and 
steadiness of suspension of the pendulum. I effimot 
give a better proof of how much the arc dgpends on 
that, than the effect of hanging the Westminster pen- 
dulum on its proper cock, which is a larga mass df 
cast iron built into the wall^qght through it; which 
increased the arc full 45' ovei? what it had beefc in 
Mr. Dent’s factory, where it was hung on what seemed 
a perfectly firm support, on a strong timber frame buiit 
up from^the ground. Even smaller pendulums^generally 
increase thei^arc from about 2 1 in the factory*to 2° go' 



94 *SEAD ESCAPEMENTS. 

as sooE as th^y are properly fixed to a good wall on 
stone corbels or iron beams. * This shows the extreme 
badness of the common way of fixing large clocks on a 
stool or tfrab'er frame set upon a wooden floor in a 
tower, and commbn clocks by a single nail through 
h thin back of th", case. 

The friction is of foorse only to be diminished by 
proper shaping of all *the acting surfaces and making 
them of the best metals for working together. Brass 
wheels and steel pinions, and also brass teeth and steel 
pallets seem to be the best in small clocks, although 
there are other cases where steel and steel act better 
together, as in the horizontal watch escapement. In 
large clocks cast iron wheels and pinions suit each other 
better and wear le&s than any thing else, as has long 
been known* by the great machine makers, though 
scarcely any, clock-makers choose to believe it, and of 
coftrse refuse to try, being what they call 'practical 
men/ who understand by the-word experience the con- 
stant use of one thing or one way of doing it and 
absolute ignorance of any'other. Mr. Vulliamy used 
,to think Bteel scapewheel teeth or pins better than 
brass ones, and they have been occasionally used by 
other c pecple, but I think are now generally disused. 
In the best decks the pallets have jewels, generally 
sapphires', let in for the teeth to act upon, and it is 
quite ascertained that 'brass teeth suit them the best. 
The only large dock that X know of with jewelled pallets 
is that of the Boyal Exchange, and it appears that some 
others of Mr. Dent's clocks go equally well with steel 
pallets, and the pinwheel escapement (which I shall 
describe presently), both having the sadfe contrivance 
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for equalising the force^which was afterwards substituted 
at the Exchange for the original one on thp French 
^system, as I shall explain afterwards. • ,* 

When the pallets are steel it is scarcely pecessary to 
say that they ought to be as*Eard*and as smooth as 
possible ; especially that former, for, if "they are agC 
smooth at first the teeth will -make them so*in time, but 
soft ones will never get hard, ifhey are hardened like 
files, by being heated red hot and cooled suddenly, and 
not tempered at all. The sharp hollow corners, which 
are considered by ignorant people a sign of fine work, 
are apt to crack in hardening, and as such a corner is 
always a weak place besides, they ought not to l>e so 
cut out; and the same remark applies to every hollow 
corner in every part of a machine, unless something 
else has to fit into it. Probably it is beatf to heat the 
pallets in lead melted red hot, and cdbl them in oil, 
which is notf adopted for some larger steel things, as I 
have seen pallets twisted in the ordinary mode of harden- 
ing. The same may be said of pivots and pinions, except 
that they are tempered andwiot left quite hard. 

Aluminium bronz* The alloy of copper and 
aluminium, to which this name is given, seenft to me 
very superior to either brass or gunmetal /or many 
horological ’purposes. It is stronger, much more 
elastic, smoother, .far less liable to tarnislr (i. e. t<5 
decay); and for small articles) such a^the scapewheels 
of clocks, and all the whefj^i of* chronometers* and 
watches, the excess of the cost over brass would be 
insi g nifi cant. It solders well with either commoft 
'silver solder/ or another with less silver in, it The 
pieces I have, both wire and sheet, were bade by 
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Messrs, Johnson and Matthey pf 79 Hatton Garden, 
who analysed xhe bit of Mr. Mears's unhomogeneou9 
gifeat bell for me. " / 

It is important to keep the upper wheels in the train, 
ahd particularly the fifcrfpewhcel, as light as possible. 
Tt^is a well-knojm add well-founded rule that every 
blow you hkar in the working of a machine indicates 
some loste of force, ancfcwearing out of surfaces, and that 
the machine would be better without it — unless it is a 
liammer; and the heavier the blow is, of course the 
worse it is. In clock escapements a sudden stop and a 
blow of som^ amount is inevitable ; but there is no 
reason why it should be increased by making the scape- 
wheel three or four times the necessary size and weight, 
and the drop of th$ teeth more than is necessary to 
clehr the pallets. I 'have already mentioned also that 
the greater the inertia of the scapewheel, the longer it 
is in effectively catching the pallet, although you can- 
not see the? interval. This was one of the defects of 
Mr. Vulliamy's clocks, which were in other respects con- 
siderably in advance of the general work of his time, 
until Mr. Dent's improvement^began. I have seen a 
visitfle cavity worn in the pallets by one of his large 
scapewhe^ls in ten years, and the arc thereby reduced 
by nearly a degree. It was all the worse" too, because 
the drop took place far above the corner of the pallets, 
the mistake of cvhich *L have already pointed out. I 
impi-oved the gaping of that clock by altering it in that 
respect. 

** The *■ sc&pewheel in the* plan which he and fne 
London Company of Clockmakers proposed for the 
Westminster clock would have come down upon the 
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pallets with a thump of jibs, increased byAhe mopaentum 
of the wheel itself ; and the scape- wheel in a new clock 
^in Shandon church at Cork? of which I have seelL a 
drawing, is actually a foot in diameter, whergas that of 
the Royal Exchange, for a 2 petidulum of 34 ctft. 
is only 5 inches and does ndt we^gh Jialf a poujack 
TJiere arc some clocks too, made by an •engineer at 
Manchester, from which I haife seen a t sc£t>e-wheel 
removed, which strongly reminded me of a saying of 
old Mr. Dent's, that when engineers take to makirijg 
clocks they always forget that they are not driven by a 
steam engine, Clockraakers, at any r^te, ought to 
remember that the going part of a clock is a machine 
which has nothing to do but to overcome its own 
friction. Mr. Bloxam calculated Jbliat a pendulum of 
I5lbs does not require half as Bauch forae to keefl it 
going as the balance of a marine chronometer : all the 
excess of feffee in the? clock is spent in overcoming 
the inertia of *he train, living to start it •afresh fro^a 
rest, remember, after every beat* 

I may observe here that tiie rims of wheels (in which 
most of the inertia lies£ and indeed the whole wheel, 
may be made materially lighter with 5 spokes than* 
with 4. Sometimes, in the most expensive clicks, they 
are made with 6 ; but 5 spokes leave very little *more 
than 4 of the rim open, on account of their own thick* 
ness, as you will see in p. 102 ^ and tiiey seem to me 
quite close enough for clock-wheels; ^nd of cdUrse 
every unnecessary spoke adds* unnecessary work and 
exfenS^: that number is used throughout the* West* 
minster clock and mafiy others now. Here too, as in 
the pallets, and indeed in eiry possible place, the 
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modem wdrknKtn who is taught # to think 'high finish 9 
the perfection If work, or in otjjier words to display as 
miich finder work and as, little head work as possible,^, 
files* or 'crosses out* the comers as sharp as possible, 
instead of* leaving f thei» pounded a little, which would 
jpakc the wheel stronger with* no appreciable increase 
of freight. € I belfeve it would be a very good rule that 
a sharp hollow cornerjought never to be allowed any- 
where, unless something has to fit into.it> as it always 
makes a weak place, in which, if anywhere, things 
crack in casting, fly in hardening, or break in working, 
and moreover is so easy to do, that as a proof of good 
workmanship* it is contemptible, even if it were not 
really bad besides. 

Length of pallets. A French clock-maker in the 
Exhibition of 1851 Wi an apparatus for illustrating 
the superiority f of moderately short pallets over long 
onps. It defes not^ require much apparatus to prove 
that ; for assuming the scape-wheel to be of any given 
size, it is evident that the farther the pallets are from . 
their arbor the longer is "the run of the teeth upon 
them, and the more friction there is affecting the 
^jenckdiyn. The usual proportion seems to be to make 
the distance of the pallets froha. their centre = the 
wheeFs diameter (generally i| inches in regulators), 
and embracing 10J teeth, i.e. from one dead face to the 
other. This seeips to me rather an Unnecessary length, 
and J should prdier 9I/01; half a tooth under instead of 
over one thirefbf the number in the wheel. 

, I h^ve ceen clockmakers hot used to dead escape- 
ments very much puzzled how* to make and adjust 
them, and I have seen^also some elaborate And con- 
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flicting calculations and drawings }ii iVegch and 
English treatises about* the arrangement of the pallets; 
which is really one of the simplest things.in the Wfcrld 
if you only bear in mind that the friction yill be least 
and will vary least if the €ft*ecti6n of the teeth* is 
perpendicular to the dead facet? of thg pallets. Suppose 
£hat 9 J teeth are to be embraced ; then ftiark off that 
space on the circumference : th£ simplest jva^ to do it 
is to lay the wheel itself on paper and mark its centre 
and the space of ^he 9^ teeth at their circumference. 

1 Draw the radii to those points, and two straight lines 
perpendicular to those radii at their encjs ; and where 
these lines cross is the proper place for the centre of the 
pallet arbor, and the centre from which the dead faces 
are to be struck: unless you ipj&an them te be half 
dead ; in which case the theoretical centre for the right 
or down pallet should be taken a kittle nearer the 
centre of the wheel, ift the line ofocentres, and that of 
the left or up pallet, a Jittle more farthe* off. If you 
call the radius of the whgpl r x and p the distance of 
each dead face from the centre of the pallet arbor, then 
(assuming that the wheel has 30 teeth and 9J embraced)* 
p = r tan 57 0 = 1*54^ r, and the distance of centres 

d = — — ~x= 1-84 r. Of course the principle <af com 
cos 57 * 

struction is the same, if you choose (as is usually donfe) 
to embrace 10 teeth instead and in that case p = 
r tan 63° = 1*96 r, which is> practically^ the dbftneter 
of the wheel, and d == 2*23 r. 

• TUq slope of the pallet! may be adjastdd by trmh 
Fix an index to them of any convenient length, and 
put them and the wheel oi centres at the proper 
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distance^on a pfete or board, and mark degrees for the 
index to point to : the length of*2° is *035 x the length 
of Dhe index, or J inch forSan iftdex of 7 inches. Open 
the pallets* till «therc is an interval of 2 ° between two 
subcessive escapes, ^and°tfiat fixes their points; then 
lBe^Jhe slopes «bapk till* the teeth just*fall above the 
corners. The pallets should be just as thick as there is 
room fo^Svljich will birather less than half the space 
between the teeth. 


•Adjustment of beat. Most peqple seem to know 
that the beats of a clock ought to sound equal in time, 
but also to have a very erroneous notion that this 
depends on the clock being set on a perfectly level 
surface, or standing vertically; whereas that has no- 
thing at<*all to do wjth it, unless the crutch has been 
so Adjusted that the pallets do escape at equal angles 
when the clock* case stands level. Of course they 
ought to be so adjusted, becausfe a clock looks better 
standing straight than crooked In the best clocks the 
crutch is made adjustable b^ screws called beat-screws, 
which are set in various pieces according to the fancy 
of the maker. In common ones it is simply bent by 
Rand' tilhthc beats sound equal. Mr. Dent makes the 
fork pins r in turret- clock escapements to open with a 
spring^ to, prevent the teeth being damaged in case 
they should be caught by the escaping corner of the 
pallets when the dock i^put back, or the pendulum set 
going; withouj. the clock being wound up. Each 
* prong * of the fork must have a geparate spring, both 
set* against a stop bet week them. The crutch* aiffl 
everything attached to the pallets ought to be kept as 
light as possible, becausecthey are in fact a pendulum, 
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moving on pivots instead of a spring anti therefore with 
much more friction than the real pendulum. But a 
\ long crutch is better tban*a short one ; •because # less 
angular motion and force is* lost ift thc t lposeness or 
* shake/ which, as I explairifefl at *^p. 73, must be feft 
between the fork and the pen*dulun^ The proper jrary 
to try whether a clock is in. beat is to let She pendulum 
swing only just far enough far the escape/ and then 
you will easily hear if the beats are unequal. 

Pin-wheel escapement. There is a very convenient 
form of the dead escapement for large clocks, which 
goes by this name. It is said to have J>een invented 
by Lepaute in 1755, but also by Whitehurst of t)erby. 
The teeth arc pins of brass wire set in the face of 
the wheel, and the upper halfi«»f each cylinder cut 
off, as it could not act and would only waste /00m 
in the drop. But I introduced the* plan of cutting 
off a small slice of the uncler 0* acting side als<*, as 
shown in fig. 14 (next, page), because wnless thaj is 
done, you must either have £he wheel very large, or 
the pins very thin, or long pallets, or a large angle of 
impulse, which are all objectionable. The advantages- 
of this escapement are, that it does not require scfmuflh 
accuracy of construction as the othqr, and # less is lost 
in the dro|T, and therefore you can'get many more pins 
than teeth to act in a wheel of given size, which often 
saves one wheel in the clock.* # If a pin gets damaged it 
is easily replaced, whereas *if* a tpotli is damaged the 
wheel is ruined. The blow on both pallets being down- 
wards, the action is more steady than it sometimes* is 
in the other. The pallets are best made^with their 
cross section rather convex,#* and also half dead. /The 
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scape-w^eel' of Mr. Dent’s large clock at King’s Cross, 
by which the (xreat Exhibition? time was kept, after 
vainiy attempting to rely dn so e me others about which 



» t 

grand ‘announcements were* made beforehand, is only 4 
inches wide, with 40 pins, so a? to turn in 2 m. with a 
i£*sec. pendulum, and the distance of the lower pallet 
from their pentre is about 3$ inches. The low;ei; pallet 
should be the inner one, and the higher the one outside 
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the wheel, because this makes the action of tye teeth 
on both of them morg direct. They are often made 
the other way, and it never flccurred to me Chat itVas 
wrong till I was struck with the Cblique. action in 
drawing one of that construcfldh larely. * 

Fin Pallets. The best siriall French clocks jjiat 
come here have an escapement which at fifst sight may 
be confounded' with the pin -wf eel escapegndht, but is 
really quite different. The scape-wheel is like a com- 
mon dead scape- wheel, and it is set (merely for show)*in 
front of the dial; but the pallets are made of semi- 
cylindrical ruby pins ; the effect of whiph is that the 
dead part of the action is not on the points of the teeth 
but on their faces, and it is apparently half-dead. The 
impulse is the same as on common jewelled pallets, 
only with the faces round instead of flat.# • 

Single-pin escapement. # This, Kke # many other 
new inventions^ turns out to be *an old one, both in 
England and France. JBut it was re-invented ii\ an 
improved form by Mr. C. Macdowall, a London watch- 
maker, who is or claims* to be the inventor of that 
very useful instrument the spiral drill ; though that alsor 
turned up in the Great Exhibition, in wood fromTLndfe. 
The scape-wheel (fig. 15, next page) ,19 a very small disc 
with a single pin made of a ruby, like the pallets just 
now described. .The disc turns half round for every 
beat of the pendulum, and# gives the impulse on the 
upright faces of the pallet, ancl the horizontal fates are 
the dead ones. The action is smooth and easy, and it 
has *the advantage of giving the principal* part of* the 
impulge .directly across the line of centres, and it is very 
easy to make. It acts very* well in watches also* as I 
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can testify Yroni having worn one for some time which 
was made for Mr. Dent in Switzerland, he having 
bought tfte .patent. But * it has the disadvantage of, 



requiring two more wheels in the 
trfchi, which seems to overbalance 
thte advantages, both in expense 
and in force required to drivp 
jtjte train. The pallet piece itself 
forms the crutch for the pen- 
dulum, the scape-disc being set 
behind the clock frame. 

Three-legged dead escape- 
ment., It occurred to me in 
1851 that all the best or most 
c ( direct part of the impulse in the 
single-pin escapement might be 
kept, the more oblique part got 
> rid of, and One of the esxtra wheels, 
saved, by using* three pins or 
teeth instead of one ; and the 
result v was this escapement, (for 
clocks only, not watches) in which 
the upper tooth is shown in 
the act of*giving the impulse. 
Fig. i6a is a full-sized view of 
the escapement which drove the 
Westminster pendulum of 6 cwt. 
# fox' half a year, until it was super- 
seded by another modification of 
it invented for the purpegte of 
equalising the force of the im- 
pul^tp. That scape-wheel was of 
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steel and weighed only ^ of an ounce or 73 grains, and 
the clock weight required for it with a common turret 
% clock movement was ofily f 81 bs. falling 6k feet a^Hay, 



m 

required ; £nd considering that more force is lost* by 
the inertia of such a traifi than in small ctocks, we qpay 
Wh 

say that the fraction p-pr was less than a third of its 
J Ml . 

usual amount for the best astronomical pendulums* 
swinging the same arc. I found also that it was pc&siblh 
to isochronise the long and short arc^ — at le^st for such 
variations a% actually occurred, by making the stopping 
or horizontal faces half-dead, as they are drawn here. 
The distance of the scape-^whqpl from the pallet arbor 
should be about 24 times the radius o^the whfcel, to 
make it escape at i°, allowing a little for clearance. 

• THq friction might be still more reduced end fhe 
adjustment of the pallets made easier by making the 
escapement with long stopping teeth, as in* fig. ifc b. 
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It woul<1 also give room for a longer swing of the pen- 
dulum, which can not safely be" made above 2° in the 
othir form, or the stopping faces will reach the scape- . 
wheel arky. ' An escapement of this kind clearly 
recluces the pallet fric*ti!>n to the smallest amount 
passible in an/ <^ad escapement. It is however not 
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free fr<5m the variations of force in the trains Constancy 
of force is .only to be got by an entirely different class 
of escapements, or by \ke addition of a train remon- 
toire,*of whic^l" shall %peak hereafter under Turret 
Clocks. 

Detached escapement. Tlhere have been vjttfoifi 
contrivances for clock escapements on the chronometer 
principle of leaving the pendulum free or detached from 
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the scape-wheel except at the time of receiving the 
impulse and of unlocking the wheel. There is an old 
, French one described in Bees's Cyclopaedia* and Air. 
Airy invented another, of whiqh two tst three specimens 
were made; but they seem£<9 have had more inctfp- 
veniences than advantages, especially when the cost is 
t?ikeh into account. In all escapements of this class 
the pendulum receives the impulse at’ only ®ne of the 
two vibrations ; which however is of no consequence ; 
and as a whole tooth-space instead of half a one passes 
at each impulse beat, the scape-wheel turns in the 
same time as usual, supposing the number of teeth 
to be the same. There js therefore nothing dew in 
the principle of the escapement I am now* going to 
propose, though I think there i a & in its arrangement, 
and in the amount of friction which it sajres. • 
First there need be no pallet arborj and no crutch or 
fork, as there is nothing in* the form of ’pallets except 
the single piece I, whi^h is a bit of hard steel screwed 
to the plate P P, which may b’e part of the pendulum 
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itself. It is cut out wide enough in this figure to allow 
an arc of full 3 0 . The scape-wheel may have either 5 or 
6 teeth; if hi$, the depth of action would be so small as to 
requfre verjr delicate work, except on a large scale, and so 
perhaps 5 is Ihe be^; number, and it is a very convenient 
one for the train. The* scape-wheel should be in the 
middle plane/)f vibration of the pendulum, and therefore 
the plate P I^must be ajlittle behind the middle. The 
locking and unlocking is done by the lever Q L, which is 
just now at the moment of unlocking by the pendulum, 
which is going to the left and has not reached zero, but 
is at that angle which we called — (3 in the common 
dead escapement. 

You see how the unlocking is done by the lever and 
the little, click C on ,thc pallet plate, and the mode of 
giving the impulse is' 1 equally evident. Before the 
impulse is completed the click will have cleared the 
lever, which will ha\p resumed its place and be ready 
to stop the ngxt tooth. When the pendulum returns 
to the right the click will be merely pushed aside by 
the end of the lever without offering any sensible 
opposition to the motion of the pendulum ; and when 
it<coirrcs again to the left the unlocking will begin at 
some such angle as — (/3 + S ) which must of course be 
something less tha*>, a or the whole swing of the pen- 
dqlum from zero. The reason for the position and 
form of lever QL t is obvipus, viz. tq* enable it to be 
pushed aside bjp the dick $nd to return immediately. 
The impulse piece I, which may be jewelled if you 
like*, can Jbe«adjusted by the screws by which it is^xed 
to the pendulum, and the click pivot or the pin which 
supports it jnay also be adjustable. 
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The distance of the scape-wheel from the toy of the 
pendulum may be abcfut 24 times the radius of the 
^wheel, as in the three-tegs, ^hich will enabfe the # im- 
pulse to last through 2° of the pemiukim^ allowing a 
little for clearance. In regulators this distance makfes 
the scape-wheel come in a coflvenieyt position at the 
bpttom of the frame, putting the seconds dial below the 
centre of the great dial insteadSof above jf, tis is done 
in the gravity escapement clock described afterwards. 
The pendulum hangs at the usual height. Fig. 17 
would be the view of the clock from behind : but the 
impulse piece and locking lever may be put on the 
other side of the plate P 1 ^, to be visible from thef front 
of the clock, through a large hole in the frame plates, 
and in the dial also if you like. » 

Another advantage of this Kind of f^capemenfc is, 
that you may make the impulse begin and end at any 
angles you* like (within moderate* limits) before fluid 
after zero. We found that the reason nhy the com- 
mon dead escapement, and *any double-beat dead 
escapement loses under ap increase of arc and force, 
is that the length of impulse before zero cannot be • 
made as great as that after zero; and if this.coifid be 
reversed, or the angle /3 be made greater thaft y, the 
escapcment«could be made to accelerate the ratrf while 
it increases the arc, and consequently to Qpunteraet 
the circular error.. In a sii^gje-beat escapement this 
can done; and as them il ng ctea<^ friction' and 
scarjfely any impulse friction in this escapement, there 
is^So* other source of error but the usual inequality* of 
Jme impulse, which may thus be made in some mea- 
sure to correct itself. Andjif a train rementoir^ is 
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added \o make the force constant, as I shall explain 

hereafter, I am inclined to think this escapement: 

wotfld be superior to any*'oth6r, so far as I can judge, 

without tri/il. 

* 


1 REl$NToAtE OR GRAVITY ESCAPEMENTS. 

These hr? not to tfe confounded with the thing 
called a train remontoire, winch I alluded to just 
now but shall not explain till we come to turret 
clocks, as it belongs only to them. A gravity or re- 
montoire escapement is one in which the impulse is not 
given 'to the pendulum directly by the clock-train and 
weight, but by some other small weight lifted up, or a 
small spring bent up, always through the same distance, 
by the clock-train at every beat of the pendulum. And 
the great advantage of them is that the impulse is 
therefore constant* for the odly consequence of a 
variation in the force of the clopk is that the remontoire 
weights are lifted either faster or slower, which does not 
signify to the pendulum, as, the lifting is always done 
“when the pendulum is out of the way. If this can be 
Aand^ed- with certainty, and without exposing the 
pendulum to som? material variation of friction in the 
work 5f unlocking the escapement, which it must per- 
form, its -motion and therefore its time must be abso- 

t 

lutely constant, since th$ne is nothing to disturb it. It 
does not lool^a very difficult problem; and yet it 
puzzled the dockmakers to solve it in a satisfactory 
way for- about a century, in consequence of <$frtaih 
small difficulties which nobody would guess until he had 
the, opportunity of observing them in action; and after 
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all it was not done by the clockmakers, but Jby two 
lawyers, in different ways. 

, But first it may be aSked,® is the gravity elcapenfent 
problem worth solving? Is not th^rdead^ escapement 
proved to be good enough both by experience and by 
mathematics ? The answer is/that jp. science, nothing 
is good enough when it can be improved® upon : that 
both mathematics and experience prove that dhly by the 
most careful and delicate and therefore expensive work, 
and only on a small scale and with light weights, can 
dead escapement clocks be made to go so well as the 
best of them certainly do ; and although w§ shall see that 
it is now possible, by the addition of an apparatus T)y no 
means complicated, to make even large and heavy dead 
escapement clocks go as well as astronomical ones, yet 
that apparatus involves not only some extm expense, l but 
what is far more difficult to provide, some extra atten- 
tion and intelligence ih the people who have the care of 
it. We may however depose of a great number of the 
almost innumerable contrivances for gravity escapements 
by the remark, that they .require not less, but more 
delicacy of construction and careful handling afterwards • 
than the finest dead Escapement, even if they ‘ perform 11 
any better, which scarcely any of thqjn do. 

Before wE can appreciate the merits and the diffi- 
culties of this class of escapements, it is clearfy 
necessary to understand the#^eory of them ; which I 
shall be able to exhibit more* briefly thyn that ef the 
dead escapement, as some of the ground is common to 
then! Jboth, and especially that useful formula* of Mr. 
Airy’s # for the variation of the time caused by any 
escapement, from which I shall start again. But ityill 
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help our conception of the process if we first take some 
simple form of gravity escapement as an illustration of 
their principle; and it docs not signify that that form, 
was neither tho fi^t nor f the best, on account of certain 
rpfcchanical Objections wHch we are not concerned 
with yet. « # * 

Mudge’s 'gravity escapement. The pallets A Q, 
B C, are 9io 0 longer fix^d on one arbor, but on two, as 
close to the bend of the pendulum spring as possible. 
The acting faces are so shaped and placed that when- 
ever the wheel moves from B towards A, a tooth 
will lift one of them until it is stopped by the nib a 
or b aVthe end of each acting face. Here the pallet 
A has just been lifted and is holding the tooth that 
lifted it-* as soon qja the pendulum comes, moving 
to the right, „it will fevidently push that pallet out 
of the way by means of the fork-pin P, and so free 
the. tooth, an3 the .wheel will begin to turn, and the 
opposite tooth will immediately lift the pallet B till it 
likewise is stopped by 6." The pendulum is all the time 
going on rising to the right and carries the right pallet 
with it as far as it likes to go ; when it begins to fall 
the pallet falls with it, not only to the place where it 
was taken up, but to a lower place, corresponding to 
that of the left pallet in the picture; and the fall of the 
weight of , the pallet from the place where it is taken up 
by the pendulum* to the, place where the pendulum 
leavesidt, or tl^e difference between its rise and fall with 
the pendulum, constitutes the impulse, and that 
difference is evidently constant, however far the. pen*- 
dulum may swing. 

If the weight of the pallets were partly or wholly 
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counterbalanced, and they were fixed by springs jnstead 
of acting by their owtf weight on pivots, it could no 
.longer be called a gravity esBapement, but -would h&ve 



the more general French name of a remontoire ; but 
tBe principle would be the same, except that the force 
of the sprjngs has a law of its own, and is inorp variable 
than that of gravity. * 
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It ia easy to shew that the effect of a gipvity escape-' 
ment is to make the penduluih go faster than a free 
pe&$ulum, lay exactly the' same reasoning as was used 
to contrast, this dead and the recoil escapements; or 
still more simply, by considering that the remontoire 
weights are in effect so much weight added to the 
pendulum fSr above its centre of oscillation, and there- 
fore they'aecelerate it. f But this tells us nothing about 
the variation of the rate, in case the arc increases or 
decreases a little under any change of friction ; and we 
shall see presently that a very curious result comes out 
with respect to this, which it is impossible to arrive at 
except by calculation. 

To do this we must find out again what that quantity 
called ijt, in Mr. Airy's formula at p. 83, is for this 
esc&pement. * Let the angle after zero at which the 
pendulum begins to lift the pallet be called y, and the 
angle at which it leaves the other pallet which has been 
giving the impulse + / 3 , according as that takes place 
after or before zero : so that, as in the dead escapement, 
the angle y + /3 is the angle of impulse, if the descend- 
ing pallet is left after zero, which we shall see is the 
best arrangement. Let P g be the weight of each pallet, 
and p the distance of its centre of gravity from its axis 
at C, and 8 the angle which p makes with the pendulum 
When they are in contact. M/ a represents the moment 
of inertia of the jpendukum as usual ; ftrictly speaking 
we otight tov*dd to it the moment of inertia of the 
pallets while they are in contact with the pendulum ; 
but. as *tb&t makes no difference in the nature of the 
result, aqd in the best escapements one pallet or the 
other is •always in contact, we may either consider that 
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as included in MZ" or neglect it altogether. • Then 
the equation of motion tfill be 
• dPO _ g sin’0 *T?pg sin (8 + 0) 

W ~ l ^ W • 

And as we may put 6 for sin0, qnd i for cos0, 
d'6 _ g0_ / Vp\ Vpg sin d 

df ~ l V M/j ~ MZ* . 

This is exactly of the same form as we lad in the 
dead escapement at p. 84; only here the term in- 
volving 0, which always indicates isochronism, has its 
coefficient increased] which shows that the pendulum 
will regularly go faster than if its own gravity alone 
acted upon it, exactly as it is accelerated by those small 
regulating weights which I described at p. 6^ Tb» 
other term constitutes the disturbing force 4>, frpm 
which we are to learn what will be thf! disturbance of 
the isochronism if the arc varies a little ; and this result 
will also be of thfe same form as before, except that the 
limits of <f> are different, as it does not act now through 
the middle of the arc only, but from — a to /3 and 
from y to a ; and even if /3 should be identical with y, 
the action is not continuous, for the falling pallet 
pushes the pendulum from — a to / 3 , but the pendulum 
lifts the pallet from y up to a. Therefore *the result 
of the integration will be (puttin^WA for the sum o£ 
J?p sin 8 for the wUble day) : t 

A m WA +. \At* -y P) ' • 

M / it a 1 (y + / 3 ) ’ 

which* differs from the dead escapement formula only in 
the sigqs ; but we shall see that that produces another 
very important ^ difference, iirst however *we nyiy 
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remar^ that if /3 is — (that is, if the falling pallet is 
left before zero), or even if it fe smaller than y (and it 
cahnot be larger with safety r to the locking), A T is 
increased^ andiSCfcwill all its variations when there are 
riny. Therefore let u§ assume that /3 is as large as it 
c$n be, i.e. that ^ne pallet is *taken up just when the 
other is left, or /3 = y ; and then the formula becomes 
much m6re. simple ; f 


AT = — 


wh pr 

Ml 7 raV y ' 2 


We must differentiate this, as before, to see what the 
variation of Vate will be; but this time we need not 
consider W or tlie force of the impulse variable, 
.because we know it is not— if the escapement is what it 
prqtcnds to be. Tlidc. 

a 9 


j A m da 

a A r = =r tT - 
M / 7 r a 3 


?-* 


J?- 


From which this remarkable result appears, — that if 
the weight of the pallets is so adjusted that the pen- 
•dulilm swings through an arc a = y\j 2 , the rate will 
not vary at all, pven when the arc does, except what 
may be due to the circular error. Unfortunately they 
•both have the sathe *gn, and therefore the escapement 
cannot be made, to c<jyv?ect the circular error. But 
there happen^ to be a mechanical difficulty in making 


y,as 


large as-^- 

• b • V 2 


or *71 a, which would be 85' if a 




and moreover Mr. Bloxam came to the conclusion, as 
stated in bis papers, that from other causes, especially 
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the variation of density of the air, it is better to make 
y considerably smaller 4 han ”jt a. Let us see then 
jriiat the variation of rate frcan the escapement will*be 

for some such value of y eveil # as ICv "hs £»from the 

theoretical value. 

0 ’ . ' W h 

•In the Westminster clock I know by trial that t-tt 

I • , M * 

at the escapement is not more than -fa ; taking it at 

that, and a at 2° 40', as it is, or perhaps a little more. 


and y = -, you will see, if you take the trouble to make 
4 

the calculation, that the clock will only gain | a second 
a day for a decrease of arc <5f 10', wffich is much larger 
than is likely to happen, besides what is due to 
circular error so far as it is unconrflcted by the spring. 

In those escapements where the falling* pallet is left 
before zero* the expression 4or the variation of rate 
would be * 

, A rp _ ~W A da • C a*.— ly 3 V— 2 / 3 * U 

M l * (y “ P) l V?-"7 + F i 

in which you observe y — /3 instead of y /3 is in the 
denominator, and therefore the fraction is much large* 
than in the other fi 5 rm of the escapement. • Theo- 
retically indeed this might also be made = «o ljy 
making the three angles satisfy tbjs condition,^ 

Va’ - — 7 /3 T — ,g- 

• * . 2 * • 

Thus y = 90' and /3 = 78' would be right for a = 2 0 ; 
bht tljese small differences would be even. more in- 
convenient mechanically, than y = 85' in the other 
case. That construction th&efore is decidedly the 



wont, notwithstanding the tempting appearance of the 
pendulum being left free through a great part of its 
are; <a fact which would “probably never have been 
kndwn with* certainty without this kind of investiga- 
tion, as thd errors wouJc^iave been sure to be attributed 
to any but thg right cause. • 

* Resistance Ot‘ air. Mr. Bloxam says in a noteto 
his first «paper, that ‘ jvlthough it has been repeatedly 
‘proved in works on dynamics * (and in a special paper 
by Mr. Bayley in the Philosophical Transactions) ‘that 
‘‘the resistance of the air does not alter the time of 
‘ vibration, this is only true on the supposition that it 
‘is the same in t^ ascent and the descent; ’ whereas 
the current produced in the descent prevents the pen- 
iun^from being retarded in the ascent as much as if 
thq air had been at test. Mr. Bloxam had no doubt 
that increased density retards the pendulum ; as indeed 
it must, because ^practically diminishes the pendulum’s 
specific gravity. He says some persons have estimated 
the gain as high as £ sec. a day for a rise of i inch of 
the barometer, but he does not consider that ascertained. 
No doubt the resistance of the air helps also to diminish 
circular error, which Mr. Bloxam and others have 
always” found to be much lest than its theoretical 
value. Reid also mentions, at page 139 of his book, 
$ curious fact bearing on this. He says he cut a hole 
in the side of thg case a gravity 1 escapement dock, 
whipb, increased ‘■its arc t from i° 22' to i° 3/, and 
at^he same time made it gain 42 sec. a day, and a 
larger b<de increased the arc* 12' more, and 1 suppose 
the rate. Therefore the diminished resistance, from the 
pendului# being able to $nve the air before it through 
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the hole, much more than counteracted both tfce circular 
error and the escapement error, making the do£k gain 
this gr$it amount instead o£ losing a little nnder^he 
increased arc. Moreover such an^qiarmou* variation 
of rate as this shows that the fyotion of the air in t^e 
dock-case may affect thg rate* jnaterially. But Xjgnuft 
add that 1 have twice tried the expdiment myself in 
a still stronger way, by taking off the glock-caae 
altogether from my own gravity escapement clock, and 
I could not observe any increase of arc at all — certainly 
mot of 5', nor any alteration of rate. The arc was how- 
ever nearly i° larger than in Reid’s dock before he cut 
the holes ; and this is another proof\)f thd unsteadiness 
of very small arcs. * 


Mudge’s gravity escapement. Probably jiojbm 
would foresee, without experimdftt, that the supple 
form of escapement in p. 113 would^fafl. Several of 
the most elaborate French turret clocks .in the Exhi- 
bition of 1851 *were on that plan, and people were 
very much surprised .when I showed them that ydn 
could make all those clocks increase their arc visibly 
and speedily by increasing* the clock-weight, which is 
directly contrary to the fundamental printiple *of 9 
gravity escapement. •This form of the escapement was 
invented by Mudge, a celebrated watchmaker whom I 
shall have to mention again, and it had long been 
known here that it would not answer^ on account of its 
liability to trip , or to have th^pallet* jerked out % so far 
by the motion of the wheel that the nilf fails to catch 
the lifting tooth, and so three or four teeth runpaggnd 
the tflne is dtogether lost. The only way of avoiding 
this liability is to use a very^highly finished train with 
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high numbered pinions to keep 'the force uniform, and 
then t& make that force only joist enough to raise the 
pallets ; but that is inconsistent with the dock being 
ablrf to work anything but a small dial, and if it is not 
kept very clean and th*<jil fresh, it will be sure to stop. 
In short the clock becomes toe expensive and delicate, 
and requirgs too much attention to be tolerated in 
common «ise. p 

Cumming’s escapement.' But even if all these 
rfekB were got over, there is still another radical 
defect in all such escapements, which does not appeal 
to have been ever noticed before I pointed it out 
with » reference to those clocks in the Exhibition. 
The force may easily be enough to raise the pallets 
• m Uttl qjoo high, without jerking them over the tooth 
altqgether, apd then 'the pressure on the nib is quite 
enough to keep them there, and so the pallet is 
taken up by the ppndulurb at some angle greater than 
the proper <pne y ; and as it falls 'down with the 
pendulum 'to a constant place, the impulse lasts longer 
than it ought, and of course the arc is increased. I gave 
.the name of approximate tripping to this defect, and any 
escapement which is liable to it is evidently worth 
nothing. It seems capable of happening even where 
thp impulse or sloped portion of the pallet is put on 
gne armband the**nib on a separate one which is not 
lifted at all by thq wheel, t but only by the pendulum, as 
in Cymming’^ e*tapemmt k which was invented very 
nearly a century ago, and for a time was thought to 
ensupr yreU. I suppose this is in consequence of the 
force with which the tooth strikes the stop pallet, some- 
times thawing it a littlq, out of its place, unless it is 

• » 
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undercut or given a slight recoil the wrong way j and 
that is objectionable too, ’because it resists the unlocking, 
and does nbt always resist wifih the same ferae. * 
Hardy's escapemeht. One of^her objections to 
Cumming’s escapement was the*friction of no le ss tha jt 
8 pivots of the 4 arms which hacl to m#vC with, the pen- 
dulum in the course of each vibration. HArdy avoided 
this by setting the arms gn spfings instead 8f pivots; 
but that introduced another and probably a worse ' evil, 
because the stiffness of the springs varies with the tem- 
perature, which of course disturbs the rate of the pen- 
dulum. That escapement was consequently removed 
from the transit clock at Greenwich many years ago and, 
a dead one substituted. Nevertheless there are some 
very good rates of three HardyV clocks publiafiSfin 
Pearson’s Astronomy. The Cambridge transit cloclf is 
his. u * * 

Hater’s escapement. The late Gaptain Kater, who 
paid great attention to the theory of ‘pendulums, 
invented a gravity escapement, which is very fhUy 
described in the 130th vol. 0 S Philosophical Transactions, 
on the principle of making the weight of the descending 
pallet unlock the scapqwheel by falling upon an anchor* 
like a pair of dead escapement pallets without the 
impulse faces. He supposed that as the inertia of the 
anchor would stqp the pallet for a moment, the* 
pendulum would leave it there* and^so be itself free 
from the friction of unlocking. * But hereeagain It was . 
found that the force of the wheel was apt to displace the 
aichoV,unless its pallets were undercut, and thftithe &> 
sistance.w^s sometimes too great for the gravity jmlleta to 
overcome unless ,they were too*Veavy for the pendulum ; 
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and a%r many attempts to make it go, that escapement 

also was taken out of the only dock to which I know of 
it toeing applied, and ctftne into the hands of Mr. 
Bloxam, yho «elfrfwed pe it. The failure of it is 
described in his paper before mentioned. 

'Rowland’s •es'iapemfent, which was in the Exhibi- 
tion of i8$i, was on the same principle as to the un- 
locking, fex?ept that 1 e had not even pallets for the 
inpulse, but a pair of small weights, which hung on long 
arms or spikes projecting horizontally from the locking 
pallets, except when they were lifted off by similar arms 
projecting from the pendulum. This prevented the 
friction of any pallet pivots affecting the pendulum. 
The locking pallets were of Mudge’s form, and were 
"prevdlJted from beiv^ driven too quickly and tripping, 
by paddles descending from them into a pot of oil— not 
a very elegant Contrivance certainly, and requiring a 
good deal of extra* force in the train. I heard no more 
of jt after tbs Exhibition, at which I was not surprised. 

U. Gannery of Pans had an escapement there also, 
on the same principle as to the small weights, which 
were hung by strings from the pallet arms and received 
tato e cups on the pendulum arms, or vice vend. But 
instead of the oi^-pot, he made the scapewheel of the 
usuaf size with gnly 9 teeth of very slow rise and a nib 
*at the end, which therefore lifted the pallets slowly and 
seemed to obviate the tendency to trip, so far as I could 
judge* by merely lQpkidgt at it. I should think how- 
ever that the rigidity of the strings would be quite 
edougb to affect the pendulum, and the friction in 
lifting was considerable. Moreover I doubt whether 
the stopping of the unlocking weight in any of this 
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class of gravity escapements is decisive enough to make 
the difference of the "angles of lift and of drop quite 
constant; and if it is ndt thfi escapement fails. Of*that 
escapement also I heard no more* *nd # the French 
members of the jury evident!/ thought very little of/t. 
Nevertheless the scape^heel with 9 teeth instead of 
vhich reduces the pressure of the stops in*that propor- 
tion, was a great advance in thl right direction, though 
not absolutely new, because the same thing had been, 
done much better some years before in 
Bloxam’s escapement. This is so superior to the 
others that it deserves a more particular description. 
This drawing (next page) of the full size in Mr. Bloxam’s 
own clock, is copied (with a little alteration for distinct- 
ness of exhibition) from his account of it in thtf^Xitro- 
nomical Society’s Transactions of 1853. The pallet! are 
lifted alternately by the small wheel* or pinion with 9 
teeth, and "with scarcely any friction, as the* action is 
only for a short distance across the lirfe of centres. 
The stopping is done by the long teeth, and the pressure 
there is less than the lift in the proportion of the radii 
of the small and large wheels. The stops are A and B :* 
E and F are the fojk pins which embrace the*pet£ 
dulum. The pallets above at C are crankec^ that their 
centres of motion may be identical with that of the 
pendulum; whicl^ is perhaps an nnnecessaty refine* 
ment, especially as the pendulum Spring has no one 
centre of motion. The size of the wheel deteftnines 
that of the pallets, on thg same principle as I explained 
for the dead escapement at p. 99. If the radio! of the 
wheel js .1 in. the length pf each pallet do^n to the 
stop mnst be 2*g in. Mr. Bldxam made the ahgle y f at 



< I 

which, the pendulum leaves one pallet and takes up the 

40', these being 
the proportions , 
which he con- 
cluded were the 
best to counter- 
act the effect of 
variations of den- 
sity of the air. 

The only ob- 
jections that I 
know of to this 
escapement are, 
that it is delicate 
and expensive to 
make, both in 
itself and in the „ 
rest Af the clock, 
and that if a 
pallet got acci- 
dentally lifted 
the wheel would 
run with great 
velocity and pro- 
bably break a 
tooth when the 
pallet stopped it 
again — an evil to 
which most of the previous r escapements are equally 
kable, tfnff it is a very serious one. Unless a gravity 
escapement will enable the clock to do with a coarse 
tram, it fe of no real use; 4 ' at any rate it is quite certain 
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not to come into we : and Mr. Bloxnm said that be 

considered a fine traimessential. That in bis own clock 
was the finest and bad tha highest numbered pinions 
(18) I ever saw. And therefore alter all, that can only 
be regarded as a very perf^b theoretical* or scientific 
solution of the gravity»escapement problem, buthlO^ly 
a practical one. . Mr. Dent absolutely refused to adopt 
it in the Westminster clock, (unless Mr k Airy and I 
should concur in requiring him to do so; which neither 
of us was disposed to do, although at that time we had 
not come to any conclusion as to the best escapement 
to adopt. 

Three-legged gravity ^escapement. I have flow to 
describe a gravity escapement which really has come into 
rather extensive use, especially in^ turret clocks After 
the Westminster pendulum haft been gping for some 
months in 1852 with the three-legged dead escapement 
(p. 105), to which a train rdmontoinnwvohld have been 
added, it occurred to me that it might be converted into 
a gravity one with advantage, And that the two standing 
difficulties of gravity escapements, viz. the disposition 
to run too fast and actually or approximately trip, 
might be got rid of by the old-fashioned and isimpte 
expedient of a fan-My. It then assumed this form. 
The drawing over the page is a view of*a regulator 
escapement, seen through the front of the slock, half 
the usual size, in*which d tbe.distance of centres of the 
wheel and: pallets has generally heed majje front 5 to 6 
inches. The lifting of the pallets is done by the 3 pins, 
near s the centre, which* should be so placed as to*act 
through 6o° across the line of centres, which has to 
correspond to the angle of the impulse 2y of the pen- 
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Pig, 20. 



dulum ; and as chord 6o° == 
radius , «r the distance of the 
pins from the centre, must 
= 2 yd = from *c>26? to *03 d 
,c Recording to the size of y 
' c d 

and a : say r = — -as a mean. 

*40 

The length of the locking 
teeth is arbitrary : in t small 
clocks they have generally 
been made about, an inch, and 
in turret-clocks nearly 2 in. 
with the distance of centres 
9 in. The only limit to their 
length arises from this: the 
radius from the centre of the 
wheel to the stop E, which is 
struck upwards, jnust not 
make less thrin a right angle 

* with that pallet, or it will not 
lock but push the pallet aside 
and trip. Then if the beats 
are to be equal, the down 
stop D nlust be as much below 
the centre of the wheel as E 
is above it, and if it is much 
jielow, the 'unlocking has a 

• scraping action, which is ob- 
jectionable. In setting out 
an esbapement then, the -first 
thing is to fix the place of the 
VP stop, and mark the points 
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of the other teeth at 120° from that : draw the email 

.* r 

pin-circle, and a vertical straight line at the distance - 

* . • 2 

‘from the vertical line through the spape wheel cdhtre. 

The centres of two of the . pin% are on theft line, whieh 
will make them 120° apart, and the third is of«cca^e 
to be 120 0 from them. The peculiar shfpe which I 
h*ave given to the scapewheel ia merely for t(je purpose 
of making it as light as possible. The points of the 
teeth, should not be very sharp, or they will wear holes 
in the stops.. 

The horizontal pieces projecting from the top of the 
pallets form the adjustment for the arc of {he pendulum,, 
which in this escapement ‘even more than in the dead 
had better be over 2° rather than under. The .^r-the 
matical formula for the -variation!! of rate v indicates % this 
no less than experience, having a’ (<jr the cube of the 
arc) in the denominator, while WA ij^the numerator no 
longer represents the variable force of the clock train, 
as it does in the dead ‘escapement, but is simply* the 
equivalent for the constant weight and lift of the pallets 
by the clock during a whole day, and a slight increase, 
of that weight increases the arc more than a similar 
increase of clock weight does in the dead escapement. I 
improved the going of a regulator of this kind materi- 
ally by increasing the arc to 2* 15 ' ; and in turret clockp 
.it is generally made a little o^er 2° iq the factory, which 
always increases to 2° 30' oj more when Jhey qpme to 
be firmly fixed on stone corbels or cast iron beams in 
a clock tower. • »., • 

The setting cn of the fly requires a little notice. The 
fly itsdlf must be quite loos? on the arbor before the 
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friction Bpring is attached, for i/ it is* tight at first it 
will wear loose and fail to act, and then the clock will 
trip* the friction must be *got entirely from the spring. 
Two' pieces, or qven one piece of stiff watchspring bent 
in between *the arbor end the hole in the middle of 
tfyMlyy seems to be the best way of doing it in small 
clocks. In turret clocks with a large fly you may have 
two short* stiff springs screwed on to the arms of the 
fly and acting either on the arbor or a small hard 
cylinder pinned to it. It is a mistake to cut the arbor 
small where the spring acts : it should racier be larger 
than the other part, especially when the fly is as large 
as 6 in. x ii in each arm, which is about the size for 
ordinary turret clocks. Regulators only require a very 
-mmaWJy, not above ^ in. square in each vane. 

AH gravity escapenients require more clock weight 
than a dead escapement with the same kind of train; 
and this one' requires mdre than usual, because the 
work has to be done by a scapewheel which turns ten 
timds as fast as usual and has to turn the fly besides ; 
and although theoretically it makes no difference in 
the force required, it does practically make more than 
anybody would imagine without trial, whether the same 
quantity of friction or resistance has to be overcome 
by, a fast dr a slow wheel in a train of atay kind of 
ipachine^v. In large clocks indeed, this difference is 
hardly apparent, J)ecaus£ the force required by the 
escapement is very small compared with what is con- 
sumed in merely moving the train and the dial work ; 
but in snmJl ones the difference is much more striking, 
though it does not affect the pendulum at all. If it 
was worthwhile, it would^fe easy to do the lifting by 
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a common small recoil escapement wheel with 30 teeth 
put on the arbor of the 1 min. wheel prolonged through 
the back plate of the clock, which wheel would lie very 
conveniently between the pallets and "might lift them 9 
by its teeth acting oJdiqudJj on *a steel pin jn tv$h 
pallet. In that case the lifting pieces A and B of tke 
pallets in fig. 20 would be omitted, as well as the pjns 
in the scapewheel. I should fnention thSt the usual 
position of the train is inverted in regulators with this 
escapement, the large wheels being put at the top and 
the scapewheel centre an inch from the bottom of the 
frame. A large hole is somtimes* cut* in the irame 
plates and the dial to enable the action of the escape- 
ment to be observed. 

Fig. 20 also shows how the befit is usually adjusted 
in small clocks. In large ones it is generally done 
by setting the fork # pins *ra eccentjic. nuts. Care 
should be taken to adjust it so that Stie pendulum takes 
up one pallet as nearly as possible when it leaves* the 
other, besides of course making the beats sound equal. 
Steel pins are found to def the best for steel faces, and 
also steel teeth on steel stops ; but brass pins andjteetji 
if the pallets and stops are jewelled, of which the only 
advantage here is that they require less oiling, £s the 
friction of lifting does not affect the pendulum. Here 
also the aluminium, bronze mentioned at page 95 will 
probably be found better thanjbrass.\ 

Approximate tripping is impossible wi£K this escape- 
ment, for another reason besides the fly; for tf jroujjft 
the pallets by hand into that state, they will fall down 
again, •notwithstanding almost any pressure which you 
can produce om the stops by the train, even when 9 the 

03 



130 THREE-LEGGED GRAVITY ^SCAPEMENT. 

stops afe sloped away a little to make the unlocking 
easier and the friction insensible : which is exactly the 
contrary of the undercutting wfiich was required in the 
old forms ‘of gravity escapement. The fly gives you 
complete command* over Actual /ripping, and it should 
always be made *so large that you ' cannot make the 
esqppement trip by twice the usual clock weight. Thi;? 
also proves "that this escapement really supersedes the 
necessity for a fine train of high numbered wheels, 
which no other has pretended to do. Even Mr. Dent 
wa,s for some time unwilling to believe that a coarse 
train <would rCally answer as well as a fine one, and so 
he tried the experiment ; and the clock with the fine 
train ^ent no better, but as it happened, rather worse 
thai^ several of the edarse ones. 

It must nevertheless be understood that this escape- 
ment was invented for turret clocks and not for astro- 
nomical ones, and I do Itot propound it as superior or 
even equal to a dead escapement for astronomical clocks 
of good construction throughout. But it can be made 
a good deal cheaper than the best dead escapement 
qfoclg on account of its not requiring a fine train. 
One of vthese clocks has been in use for several years at 
the Cambridge observatory. In the great Northumber- 
land equatorial telescope room, a clock with a very loud 
beat wa9 required. This cannot bs got in a dead 
escapement without sacrificing some of its time-keep- 
ing properties, by giving "the teeth a long drop and 
putting^on a heavy weight: Clocks of that kind are 
sometimes put on for the job, and are thence called 
'journeyman clocks/ beipgsset by a good. one before 
you 4 begin observing, ancf they go wcM enough for a 
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short time. But a clock with this gravity escapement 
can be made with a loud beat, and even to strike a 
small bell every minutd if Jrgu like, without affecting 
its going at all, by merely increasing* the jveight as fer 
as you safely can without tl& risk of tripping, and 
making the scapewheerrather thickervth'an usual. The 
Cambridge clock is found loud enough bj^ an observer 
who is rather deaf, and the rath has several times been 
reported to me as quite good enough for the ptirpose. 
It fray be worth mentioning that Professor Challis 
found it once gain 3 seconds on the day of a heavy 
thunderstorm. The first of these clocks that was made, 
a very rough experimentakone, was tried at Greenwich, 
apd the Astronomer Royal was so well satisfied with it 
after trying what he called 'some jvalieious experiments* 
on it, that he approved of Mr. Dent using it in* the 
"Westminster clock, although he had himself written 
strongly against gravity escapements *n general, and 
did not like this on those general groifrds when he 
first saw it. 

The first clock of this hind, after that experimental 
one, was made by Mr. Dent for the Cathedral atf 
Fredericton : indeed jthe escapement was invented for 
it, as the Bishop told me they must have q clock that 
would staml the cold of 40° below zero, which woilld 
stop most clocks qf the common construction, dr at any 
rate affect their going seriouSiy. fortunately there is 
a scientific clock-maker th&e* named WHfTe, who has 
taken great interest in it, and shown considerable 
judgment in making various little alterations* which 
were naturally required ‘in a machine of a .new con- 
struction, not £ven fixed bf the maker ; aifd I have 



* 3 2 THREE-LEGGED (SBAVITY ESCAPEMENT, 
t f 

heard fjom him very satisfactory reports of its perform^ 
wee, even ( while the oil has Been frozen as hard as 

taltyw/ One of the first? put* up in England was at t 
the Manchester Infirma^, where it works four 9 ft. 
illuminated dials, all in*t]jie clock-room, which is very 
hf 5 T in summer days, being a thin dome ; and the gas 
must make She heat vary considerably every day and 
night in Gold weather. 9 *! Reports of the going of that 
clock have been published from time to time in the 
Manchester papers, from which it appears that it Only 
varied 14 seconds, and that by a nearly constant 
rate, in the year ending July 1859, an ^ the rate was 
equally constant in the ye^r before. Without men- 
tioning other cases where the information is less 
precise, though to same effect, I was struck with 
one*from a gentleman who has an observatory of his 
own, and who wfites that^he had had the escapement 
of a turret cloclf’ftiftered from a dead one with a wooden 
pendulum (which the Londqn makers consider the 
perfection of the art of large-clock-making) to this 
with a compensated pendulum, and that it had ( reduced 

* the variation of the clock from minutes to seconds. 9 

• Tlffere have been different opinions whether the 
place of action of the beat-pins should be high up or 
low down on the pendulum, i.e. above or 1 , below the 

* Some persona howevpr, who hjve these docks* think that they require 
more compensation of the pendulum. I should like this to be observed 
carefully^ tho^hrho have Abe xneafas of doing so, as I have only heard of 
it With any certainty in two cases. If so, it is very easy to give a greater 
length o^qjgpensation tubes. I observe it in tbe rate of tho 

Cambridge dock, which is subject to very large variations of temperature, 
as observatoiy clocks always are. It is visibly affected by changes of the 
barojneter, as other docks are ; eefcp. 118. 
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scapewheel. I am convinced that it is better Jo have 
the action lover down* than it can be if t£e beat-piqp 
a are above the scapewheel. In some of the»experinjftnts 
there was a sensible variati* even of* the $rc, and of 
coarse of the rate, when the J)dat-pins were put higher 
up j tad I cannot but think that in aty*case where the 
contrary has appeared, the advantage has Uben entirely 
due to the diminished weight of the pallets, ’which we 
shall see can be got in another way. I am not 
prepared to give any rule for the length of the pallets, 
but the rate was worse in the Westminster clock when 
they were 15 inches than 18, and worse in a clock with 
a 1 J sec. pendulum at 6, inches than at 12. It is 
evident too that the shorter they are, the greater 
angular variation there will be fo$ any absolute varia- 
tion in their position from the shake of pivots or %ny 
other cause ; and so a lon| cratch *is better than a 
short one in a dead escapement, protidetf it is not too 
heavy, as they very often are - • , 

Double three-legged scapewheel. In turret clocks 
with heavy dial work, and therefore a large force on the 
scapewheel generally, it is desirable to reduce the pres-* 
sure on the stops by making the teeth 3 or 4 inches Tong^ 
but that, as I explained just now, woyld either make the 
down stop dome too low, or the beats very unequal. * This 
however may be avoided by the simple expedient of two 
locking- wheels, with one set oMifting*j>ins between them 
(fig. 21, next page). They are Set vide enuagli apart for 
the pallets to lie between them, and you must take care 
tt> have sufficient clearance throughout to ma&tffure of 
the pallets falling with the pendulum, dear of all other 
contact ; one pallet, say D, has its stop in front for .the 
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wheel A B C to act upon, and the E stop point* back- 
wards, and only the wheel a b c acts upon it. (You 
must not suppose that *the ^>oth C in the drawing 
is in contact with the stop E, for the/ tire # ia different 
planes.) Both stops can now he placed at the ^points ■ 
where radii of the scapewheel make night angles with 
the pallets. If d, the distance of the centres, is a little 
less than 2 a (a being the length of the *tPeth), the 
points of the two scapewheels will lie exactly in a 
hexagon — not that that ' is of any consequence, except 
that it makes them rather easier to set : the reason why 
d is not exactly = 2 a in that case is, that .the arbors-of 
the pallets are necessarily separated a little, and there- 
fore the theoretical centre is a little above the real one. 

There are several advantages par this way of making 
the escapement. First, by making the teeth longer tnd 
the pallets shorter, you reduce the Resistance to the 
pendulum from the pressure and fricuon of unlocking 
very materially ; and little as it is in any*form of this 
escapement, compared with the pressure on the pallets 
in a dead escapement, or* in any of the old gravity 
escapements before Mr. Bloxam’s, it is not insignificant;* 
as you may see fron\ this hardening aiyl polishing 
or oiling the stops increases the awing 0/ the pen- 
dulum seiftibly. Another advantage of the double 
scapewheel is that it makes the stride of thff*pallets 
wider, and therefore their effective freight greater, or 
the actual weight required fn*them consMeRTBIJr less. 
This reduction of the weight and moment of inertia of 
the pallets, and their impact on the pendulurtiTfind the 
friction on their pivots, is certainly of grqat value, 
besides there being an evident improvemerft in 4 he 
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steadiness of the action. Hitherto this form of the 
escapement has only been used in very large clocks, 
such as Westminster and 'Leeds ; but I am disposed tc 
think it is,, worth while to adopt it in smaller ones, 
• as the additional cost of the second scapewheel is 
ihsignificant ; ' and as some compensation for that, it 
enables us to dispense with all the beat screw arrange- 
ments. iXir the long* pieces from the stops to the 
pendulum need be no thicker than wires, and may 
actually be wires brazed on to the pallets ; and as the 
adjustment for beat has never to be altered after it is 
once made right, it may be done just as well by 
bending these wires with a pair of pliers when the 
clock is first fixed as in any other way. I believe also 
that their elasticity should be an advantage, as it would 
diihinish the 1)low on the pendulum at every beat. 

I should think r about 3 inches would be a good length 
for the teeth, and therefore nearly A inches for the 
distance of the centres, in a common turret clock, and 
half that size, or the size of fig. 21 (which is rather 
less), in a regulator. The' lifting pins will have to be 
' very near the centre, as their distance ought not to be 
'more than 4^ the distance of the, pallet arbors from the 
scapewheel. In small clocks, the best way will be to 
make the scapewlieel arbor of six-pinion wire with 
every' Ocher tooth cut out, as shown in fig. 21. It 
should then be set so thift the lifting face of the pallet 
may r&tifflffc- against»the* face of the lifting tooth at the 
beginning^of the lift : in other words, the lifting is to 
begin^T the line of centres, although when there is 
room enQugh for pins and a distinct arhor, it. is better 
to cbegiit 30° before the ‘line of centres, as I said at 
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p. 125. As the pallets will be only half the length that 
they hare usually beea made in regulators, it will no ' 
longer be necessary to invert the train and put 4 he 
hcapewheel at the bottom instead of, the top. ^Fhe 
pallet arbors may be set in a pair of cocks fising abovt 
the top of a frame of the usual height. But if you 
prefer having the escapement at the bottom^in order to 
be* able to see the action of it ^better (cutting a piece 
out of the dial and the bottom of the frames), there is 
no difficulty in -it : the pallet arbors must be short, with 
one pivot in the back frame plate, or a piece screwed 
within it just behind the centre wheel, and the other in 
a cock as close to the pendulum as possible. It is 
obvious that the effect of the pressure and friction on 
the^tops will be only one third of what it is with the 
pallets six times the length of the scapewbeel teeth* as 
they have usually been In regulators* with the single 
three-legged.wheel. • * * * 

Four-legged rfcapewheel. The same c$ject can be 
effected, though not quite so ttunpletely, by a single 
wheel with 4 legs, but having 8 lifting pins, pointing 
alternately backwards and forwards. The pallets must . 
be indifferent planes tdfuit them, with one stop in front* 
and the other behind* In this escapement 'the length 
of the scapewheel teeth and pallets is*not arbitrary Us in . 
the three-legs, but the proportions requisite aie^con- 
venient enough. If you draw^ four-legged wheel with 
one of the legs standing at .the angle the 

vertical or line of centres, another o? them will be at the 
psoper place for locking ;*and the pallet at rlfh&rfmgles 
to it will make that same angle with the vertical. 
Calling’the length of the teetfew, and d the di5tance % of 
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the theoretical centre of the pallets (i.e. the point to which 
they converge, or where their arbor would be if it could 
becsingle, or where the pendulum spring bends), you 
will' find that d — t 6 a : and p the distance from the 
Jmllet centre to the stops = 2*4 a, whereas it is only 
173 a'in the double three-legged escapement with equi- 
distant teeth ; and the force of the train on the scape- 
wheel will #f course be. also one. third more, as it turfis 
in 8 seconds instead of 6 ; so that altogether the force 
required in the pendulum to unlock a four-legged 
wheel of given size is nearly double of that in fig. 21, 
though a good deal less than in fig. 20. You will 
see 'at once the reason why two sets of lifting pins are 
required for a wheel of any even number of teeth if you 
take the trouble £0 ^draw it ; viz., that either the qj^er 
or«the lowen, pallet can only be lifted by very oblique 
aetion if they arc both lifted by the same set of pins. 

I can say from observation 1 that this, four-legged 
escapement h acts perfectly well, though not quite so 
Bteadily as the double three-legged in large clocks, 
where there is generally and ought to be a large amount 
. of superfluous force, to make sure of driving the hands 
tin All weathers. In regulators this is not fo, and in 
then}, the four-legs would have the incidental advantage 
of avoiding the small pinion, only of the size of the 
mintsta.wheel, whidh the three-legs involves, and which 
• wastes a good deal of thp force, as small pinions always 
do. A»«ihgsl and pjmc,n„of 60 and 8, or of 75 and 10, 
would be right for a four-legged scape- wheel in a regu- 
lator r-lhf teeth might conveniently be 1 Jin. long, which 
will make the theoretical distance of centres 3*9 in., and 
thj actual distance of the pallet arbors 3*5 in. above 
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* * . 
the scape-wheel arbor. The distance of the lifting pins 
from the centre must of course be more than in the 


three-legs to produce the same lift : it should sot 
exceed ^ of the distance of centres, and probably will 


d f * 

be better = or you may finq it difficult to get the** 


pallets light enough not to make the pendulum swing 
too far. The same remark applies to the double three- 
legs, because one of the objects of them both is to 


reduce the absolute weight of the pallets. 


CONSTRUCTION OP THE GOING PART OF ’CLOCKS. » 

Fig. 22 shows the usual arrangement of the going 
patftfcf a common regulator, or a hoys&plock of superior 
character, except that the pendulum in a clock of that 
kind ought to be hung by a cocl^p the back of the 
case ; but I have already given*adnmng (fig*. 8) showing 
that ; so I show another mode of suspension here. In 
the common recoil escapement* clocks the pendulum 
only weighs a pound or twq, and is hung from a cock 
merely screwed to the back plate of the frame, which is 
a much weaker plan than this. The weight is not htng < 
by the single line, but by a double l|ne going through 
a pulley, sometimes in the weight itself, but*more*frer 
quently hung to it by a hook. This prevents the^etribg 
from untwisting, and enables ypu to do with a thinner 
string, and itrequires a barrel of twice th% rliim ltir~rrhirli 
a single string would, and that is worth something when 
th% pivots of the barrel ard as large as they usuafif are, 
of which I have spoken already at p. 82. But it must 
be remembered that every psflley in a machine, aqd 
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especially every moveable pulley, wastes* power very 
sensibly by the friction and stiffness of the rope, 
especially when the moving power is at the slow end of 
the system of , ropes. Theoretically it makes no differ- 
ence whether a given weight with a given fall in a week 
is hung by oae f rope Without ‘any pulleys or by half a 
dozen ; but practically you will find the weight has to be 
increased <in a very high ratio for every additional pulley 
you add. You might soon reach a number at which no 
weight whatever would do the required work, but would 
all be wasted in overcoming the friction and stiffness 
of the ropes. This remark is chiefly important with 
reference to turret-clocks, since not one architect in a 
hundred ever consults a clock-maker before he plans 
cither dial-holes .or clock room or place for the w^Hbts 
tc» fall, and, then people think it is the clockmlRris 
fault if the clock cjres not perform as well as if it had 
plenty of r6om fo^me weights <to fall and other things 
to act properly. 

The barrel is fixed to its arbor, of which the back end 
is a common pivot, but the front is carried through to 
, the dial K and is squared for the key to take hold of 
<* it.«* The great wheel Grides loose on the arbor between 
the barrel and a collar shown just above G, and it is 
Connected with the barrel by the ratchet land click, of 
whkb a front view and description has been already 
given at page 26. (There are in fact two ratchets R 
and y^in -fig. 2*2, but<-w,e need not inquire into the 
functions of the second at present : it will be explained 
witWlg. 23.) The great wheel G drives the « centre 
pinion c, which always turns in an hour, and its arbor 
goes through to the diatand carries the minute hand in 
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the w^y 1 prill describe presently. The centre wheel C 
drives the second pinion d, on whose arbor is a wheel D 
which drives the scape-wheal E by its pinion e. In 
moderately goed clocks, the pinions have all generally 8 
Jteeth or leaves, and this yrheels in that case have 96, 64, 
«nd 60 teeth) i£ the sCape-wHeel turns in a minute as 
usual : in <the best clocks the pinions are occasionally 
as highi&s 16; Mr. Eloxam’s is the only one I ever 
saw with pinions of 18. Of the scape-wheel, pallets, 
and pendulum, I have said enough already. In dead 
and gravity escapement clocks, and sometimes in recoil 
escapement^, the scape-wheel arbor comes through the 
dial and carries a seconds hand. 

1 

Short clocks with half second pendulums are best 
made with a scape- wheel of the usual number of 30 teeth, 
aa either a targe and heavy wheel, or teeth very closely 
set, are objectionable. In that case the scape-wheel 
will of course turn twice in a minute, and- the product 
of the numbers of the teeth of the centre and second 
wheels must = 120 x 8 x 8 if the pinions arc of 8, 
which is best satisfied by 96 and 80. In very inferior 
. docks the scape- wheel pinion is only 7, and then 84 and 
u 80 »teeth will do. The American clocks have lantern 
piniofis (see fig. ^7) in which 6 pins are as good as 8 
or $ common teeth, and therefore the 'centre and 
sAttwd wheels need only have 72 and 60 teeth for a 
half-seconds pendulum.,* It is not worth while to go on 
with tisMalculafioi^forif-Beconds pendulums or others, 
as the principle of it is perfectly obvious. 

’Dili Work. If the minute hand were fixedrigicBy 
to the centre arbor, the dock could never be altered : 
aijd- therefore the way ‘in which it js fixed and yet 
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alterable is this : there is a wheel M (in fig. ai) jet on 
a hollow arbor or pipe which fits easily oh the centre 
arbor, and has its own end squared for the hand to fikit. 
A small bent spring with a ho^e in the* middle fits on 
the centre arbor, and the hole fests against a shonldeF 
which is turned on the Arbor jtfst in fijpnt of thd dock 
frame ; the ends of the spring press against the bade 
of the wheel M when it is presjed back, as ait is after 
the hand is put on, and it is kept there by a collar and a 
small pin put through the end o( the centre arbor. * 
And in this small matter there is room for a very 
common mistake: the hand is kept steady by the fric- 
tion of this spring at one. eqd and the collar at the 
other, and it will evidently be mnch steadier for the 
same amount of pressure if the spxiog fits the arbor 
tight, and so the friction is between the* ends of the 
spring and the back of the wheel, than if it isloose on the 
arbor, simply on account of the difference of leverage 
at which the friction acts when you turn the hand with 
your own finger. In mere fbgulators without any 
striking part, this does nqj; matter, because there is 
nothing to disturb the hand ; but when the wheel M, 
or the equal wheel N which is driven by it, has t<J*lift» 
a lever every hour to discharge the striking phrt, it 
matters a gfeat deal, because a great deal more friction 
is then required to hold it in its place againrirlhe 
pressure of the leVerj and ygt it teems to be the 
fashion in London to make the. hdle in. *W»spring 
round instead of squaring it on to the arbor; which 
WT> aid .take about ten fninutes to do. The •conse- 
quence is that a clock will sometimes take to losing 
unaccountably in this way, which I only first diqgp* 
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vered ,by seeing the minute hand gradually lag behind 
the seconds hand; and that defect can only be perma- 
nently cured by making <the -spring very much stiffer 
than it qjeed be if it ip put on properly, i.e. with a 
Square instead of a routid hole. 

• Over the minute-wheel M and its hollow arbor there 
is fixed a thing called the bridge, which is shown at 
M L (fig*ft2), and has,* another pipe enclosing that of 
the wheel M but not touching it; and the hour- 
wheel H with another hollow arbor still larger rides 
upou the bridge pipe, and is driven by a pinion n of 
-jJy its own, number of teeth, which is fixed to the 
wheel JT of the same number aB M. That wheel N 
is generally set upon a stud or a piu screwed into the 
front plate, but is better with pivots in the frame and a 
code. The hour hand is set on the end of the hour- wheel 
socket either with a small screw or pins. The thing 
marked Y in front of the houi-wheel has nothing to 
do with th» going part of the clock, but is the snail 
which regulates the number of hours struck by the 
striking part, as will be explained under that head. 

> The hour hand in astronomical clocks generally has 
*a sfiall circle to itself in the lower half of the dial, to 
prevent its hiding^the seconds hand in the upper half, 
which it is important that an observer should always be 
aUISter see. Besides it moves with much less friction 
when so placed, a s it then turns on a -thin stud fixed on 
the freif t f date of the * clock, instead of a very wide 
socket. It may either be driven by an intermediate 
wheel 'and pinion from the bentre arbor, in oi;der to 
make it go the right way round, or directly by the 
grpat wheel, which involutes less friction and no incon- 
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venience except the perfectly insignificant one of having 
to move the hour hafid separately from the minute 
# haud when you want* ter alter the clock Auch, wifiich 
cannot happen once a year in any goofl'clock* 

Dial. Two different ways <jf lixing the dial are^showfc. 
in figure 22 , and both o*f them different ’from the conf- 
irm one, in which four separate pillars fire screwed 
permanently into the dial and the other ends ^o through 
the front clock plate and are pinned behind it, the main 
pillars of the clock itself being only long enough to 
connect the two plates, and having nothing to do with 
the dial. Either of the two plans in the* figure seems 
to me to be better than .this, though it is ^matter 
of very little consequence. The dials of the best clocks 
are made of brass plates polished ajad-wlvered j the com- 
mon ones are of sheet iron : the Americsfti and Dutch 
of wood. The hands are always of bl&ck steel in regu- 
lators, but *in common clocks they are of brass gilt, 
which is a very Ijad colour on a white face^though \jery 
good on a black face. The same remark applies to 
watch faces. I never could understand how such an 
absurd thing as gold hands on white faces — and still* 
worse on gilt faces, game into existence, especially as* 
gold hands of that small size have npt even the vulgar 
merit of being dearer than steel .ones. 

Winding keys # are generally made too shortfm the 
stalk or leverage, which makes^the clbck harder to wind 
and tends to strain the arbor besides, as ytmihay see 
from considering that if the stalk was very short indeed 
any ftyce applied to it would be chiefly consumed in 
trying .to .bend the arbor. As there is absolutely no 
advantage in ^ short key, ibis is one of tBe many 

s 
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instances of doing Wrong for the pleasure of it, when it 
would be quite as easy to do right and the effect much 
mofp pleasant. All my seconds pendulum clock keys 
are 3 inches long or more : keys for small docks may 
He 2^ in. The French 'soring clocks without fusees, in 
which the windirg is very hard towards the end, have 
keys like a'Very large watch key or a piano-tuner, to 
prevent the strain upon the arbor. But this makes the 
winding a much longer operation and a very unpleasant 
one, as you have to stop at every half turn. Sometimes 
such keys are given with small English fusee clocks, 
for_ which there is no excuse. You should take care 
that th^wood or ivory on the handle of a key is quite 
loose, or it increases the resistance materially. 

Tear clocks, --r.lpcks without striking parts are 
sometimes nAde to go a mouth, and occasionally even 
a year. For a 'month they only require one more 
wheel and pinion with a multiplier of 4, between the 
centre and gsreat wheels. Year clocks require 3 wheels 
below the centre, and the pinions ought to be of 10, 
10 and 12 at least, on account of the great weight 
‘required, which will have to be still greater if the 
"pinfons are of low numbers. Assuming the clock to go 
380 days, and the ( barrel to have 16 turns as usual, the 

product of the 3 wheels must = 380.24.^12. 10.10 ^ f or 

which 100, 90, and 76 mil be the best numbers. This 
is far USRer than trying to do it with only two wheels 
of 192 and 190 (the lowest possible numbers), and 
pihionS of 8, in which the Motion will be very much 
greater. The best way is to have two hands and 
gccat wheels acting on ofie long pinion of 12, with the 
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weight hung by the same string from both barrels by a 
pulley which only tur&s while you are winding np ; 
«and there must be a winding stop to each barrel. «* 
Clock cases are necessarily coriBectqd. with t he^ 
construction of the clock. Jffe old tall case with a 
base as big as the top , standing on tbe floor instead df 
screwed to the wall, is sufficiently explode! to require 
no more to be said against it* The case Heed be no 
longer than is required for the pendulum, as the 
weights can have 3 lines, or smaller barrels, or larger 
great wheels, of which the last is the best. The weights 
themselves of course have to be half as heavy again as 
with the fall one half logger. The best case for a 
superior clock is one of which the front and sides take 
off together. There need be no deer to the face, but 
only small brass or white metal shutters •over finding 
holes in the plate glass frqnt, whicli enables you to 
lock up th8 clopk completely and leave anybody to 
wind it up. Ornamental case making I llave noticing 
to do with, and it is not much of an exaggeration to 
say that the value of the inside of a clock generally 
varies inversely as the decoration of the outside. • 

Day of the month clocks. These are nftrljT 
obsolete, partly because people generally forgot to re- 
set them it the end of tbe short months, and also 
because the figure^ were too small to be seen except 
very near. They had a rouni plat8 # with 31 divisions 
engraved on the front, which appoared througri # a hole 
in the main dial, and the edge of the plate was cut into 
62 ratchet shaped teeth which were driven by a single 
tooth in the hour wheel, one every* 12 hours, find kept 
steady by the pressure of a sli^it spring when the tcteJth 

a 2 
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was net acting. I have seen some cheap«clocks by a 
Mr. Taylor of Wolverhampton, Vith complete self-ad- 
justing month-work, but they are all open to the same 
jpractioal objection that the figures ye too small to be 
seen across a room. c 
0 Equation 6f <time clocks. 


Fig. 23 


A still more obsolete 
contrivance, but worth 
recording for the prin- 
ciple of its machinery, 
was that for making 
the hands of a clock 
show solar instead of 
mean time, at least in 
a rude and approxi- 
mate way. Aa in this 
figure is a bevelled 
wheel on the centre 
‘wheel arbor, which in 
this case is made to 
turn the wrong way 
round, and another 
equal bevelled wheel 
t B b rides upon it, with 
a hollow spindle be 
to which ihe minute- 
hand is fixed. Betwefen 
these two is another 
small bevelled wheel of 
any size, which would 
merely reverse** the 
motion, if it wa£ set on 
jj^Bxed Spindle or arbor. ^ But it is not, for it rides on 
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the end of a bar or lever D E, which itself tarns upon 
the centre arbor and has its end D beyond the wheel 
resting on a plate of the pdd , shape shown a t Qtq , which 
is fixed to the face of a wheel which turns in a year. 
Now if the lever D E, or the centre of the Small wheels 
is moved at any time in*the slide direction as the hand 
is going, it will evidently push it forward just twice as 
much as the lever itself is moved^ and viee vertf. If then 
the equation plate Q q is on the right side of the clock- 
frame, the hand will go ahead of its mean motioh when- 
ever D drops below the mean radius of the plate from O 
the centre of the year wheel, and will fall behind mean 
time when the protuberant parts of the plate are upper- 
most. The plate then may*be so shaped as to make the 
advance and retardation of the hand agree with the 
'sun before clock’ and *sun after clock’ of^the equation 
of time. • 

There are two other wa^s of giving *a secondary 
motion of this Ifind ; one, by substituting a common 
small wheel or pinion for the* middle bevelled wlfeel, 
and putting it between Ao made as a common wheel, 
and B b made as an internal wheel, i.e. with teeth inside, 
its rim ; but in that case you mi^gt remember thet Jk 
and B will have different velocities, and therefore A 
must turnjin less than the hour. The other method 
requires neither bevelled nor internal wheels, and anon 
the same principle as the oqg 1 shall describe more 
fully at fig. 39 under train rqnentoirei. . 

Clocks for showing other celestial motions are mere 
curiosities, and are always getting out of order from . 
their complication ; so I shall not waste time in de-‘ 
scribing them, but^o on to something more pWti^al. 
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MAINTAINING POWERS OR GOING BARRELS. 

‘ 1 * .. • 

Winding up «, clock evidently takes the action of the' 
‘height 0$ the great wVee\, aah bo the dock, movement 
Stops for the timj, though? the pendulum goes on swing- 
ing. This of course will not do in a clock of any accu- 

curacy, whether" a 
large or a small 
one, and as the 
same methods of 
keeping the dock 
going (or some of 
them) are applied 
to both, I shall 
describe them all 
together here. 

The, oldest of 
a'il the plans is 
Huygens’s endless 
chain. In this 
drawing P in the 
* going wheel ’ is 
a pulley fixed to 
the great wheel of 
the going part, 
'and having short 
spikes get in it, or roughened in some other way so 
as to prevent a rope or a chain hung over it from 
. slipping. A similar pulley rides on another arbpr y, 
'•which may be the arbor of the great whed of the' strik- 
ing'jmrt^if the dock has ope, and attached by 1 a f atchet 
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• * 

and click to that wheel, or to the clock-frame if there is 
no striking part. The.weights are hung as you see, the 
little weight being only Jbig enough to keep the string 
*in the pulleys. If you pull ft the 1 b& haad of all the 
strings down, the ratchet pslley move* under 
click, and the great weight A "pulled a up by c, without 
taking its pressure off the going wheel at all. This 
plan was generally used in the old 30 hour flocks, hut 
went out with them, as the action of a chain or even a 
rope hnng in that way is rough and uneven ; ®6d more- 

• * 


Fig. *j (for next page). 
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over the pulleys must be of only half the usual diameter 
for the same time of going. r 

Harrison’s going barrel is the maintaining power 
used in all regulators now. The larger ratchet wheel r ‘ 
Tfi fig. 25 is the one designated by the same letter in 
fig. 22 f and the,chck is fixed to that wheel, which is 
connected with the great wheel by a spring S S'. While 
the clock is going the weight acts on the great wheel 
G through the spring ; 'but as soon as you take off the 
weight By winding, the click Tr, whose pivots are set in 
the frame, prevents the great ratchet from falling back, 
and so the spring still drives the great wheel during 
the"*time the clock takes to wind, especially as it 
need only just keep the elcapement gomg, for the 
pendulum will take care of itself for that short time. 
The*drop of t]jc greaF click over the teeth of its ratchet 
may be heard evesy 10 minutes or so while the dock is 
going. Good watches havff the same apparatus. 

Bolt and ^shutter. Another contrivance, which is 
now* used only in large clocks, is dh arbor with a 
weighted lever at one end of it, with a click in the 
form of a spring bolt on another lever; when the 
weighted arm is lifted up the click takes into the teeth 
of somfc one of the train wheels, hnd the weight then 
keepwthe flock goihg till it works itself out”of gear in 
a few minutes and drops. The weighted lever is outside 
the clock and is made with a cap or shutter which shuts 
over the key-hole tvhen it is down, to make sure of your 
lifting it before you* begin winding. With the usual 
ingenuity for doing things wrong, this click is very 
often made not as a sliding bolt, but with a hinge, so 
that theijS is one position*»f the lever in which it jams 
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against the teeth and stops the clock for good; unless 

the winding man finds jit out and release? it; which he 
probably will not. Sometimes too the clicjt sticks # and 
'sometimes it slips, even if made rightly. Theta is 
another defect besides in the ctynmon bolt«dd shutter# 
viz. that it -may work itself sdoWn and .rest upon thg 
winder or key before the winding is done if the man is 
sibw about it, and then it does no good and the clock 
stops for the time. * 

Improved holt and shutter. To prevent these 
evils, and to simplify tbe construction, I introduced the 
plan of substituting for tbe ‘ bolt ’ a segment D (see 
fig. 41), of a small wheel suited to tbe teeth of the gseat 
wheel, and making the arbor C, which carries that and 
the shutter M, to pump in and out of gear, and the 
shutter not covering the key-hUle, but made qp a 
circular arc to the centre C, which a(J but touches the 
winder wlujn it is on. The winder has a ring, the 
dotted circle nefer M in fig. 41, put round its end, 
which prevents 'it from being. put on un$il you have 
lifted the shutter, and put it into gear with the great 
wheel, to hold it up. As you go on winding, the clock 
goes on and the shutter descends, now behind the {mg^ 
which secures your pulling it out of gear again when 
you take off the winder, and yet it *will keep in action 
full 10 minutes if left to work itself out. Mr. Dent 
now generally uses this plan in his Igrge clocks. 

I shall describe hereafter \nothe* totally different 
plan for keeping a very large clbck going when the 
win$ng takes a long tjjne ; but as the spring gojng 
barrel does very well for small clocks, and the improved 
bolt abd'shutter for any buj.a clock of quite^ qpusual 
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rise, I shall postpone that description till we come to 
the Westminster clock. For tl)e same reason I need 
not Repeat ^he description of Mr. Airy's going barrel, 
whidh was applied to the Exchange clock, but is so 
^expensive that it is certain never to be used again. A 
£ill description of it waa ^ven.by him in vol. 7 of the 
Cambridge J* hil. Trans. The object of it was not only 
to keep the power always on the clock, but exactly the 
same power; for the power of the spring falls below 
that of«4he weight, and that of the bolt and shutter 
doubles it just at the times of putting it on and taking 
it off; but that is of no consequence, except in a 
revolving pendulum clock, for which the apparatus was 
invented; he has since simplified the construction, 
but it is still an expensive one, and the thing can be 
doi^e at of the v eost by the Westminster method 
without either lo§s or duplication of force. 

Spring clocks. Hitherto vie have supposed all 
clocks to be kept going by a weight. ‘But many clocks 
have no weight and have a spring made of a long ribbon 
of steel coiled up in a barrel for their moving force. 
This construction however belongs so peculiarly to 
watches that 1 shall defer the description of it till we 
come .to them. I will only mention here that the 
French clocks, like 1 French and Swiss watches, generally 
have the great \s heel fixed to the barrel, which of course 
makes the force on, the train unequal. In that case the 
barrel arbor goes„loose jfhrough the barrel ends and is 
fixed to the inner end of the spring, and has also a 
strong ratchet squared on to„it, with a dick on the 
dock frame, which holds it ^hen you are not winding 
up. £nd a barrel of tlqp kmd is of itself «t * going- 
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barrel/ for it keeps the power on as much while you are 
winding as at other tinjes — in fact rather more. English 
spring clocks always have a fusee with a chain, maj}e as 
in the view of a chronometer movement at fig. ^9, to 
equalise the force on the train, • *• 

I understand that this class of clocks are now sol# 
more than any other, i.e., spring and fusqp clocks with 
tfalf .second pendulums, either in cases malleto stand on 
a bracket or to hang up against; a wall. The American 
clocks have become so bad through the violent com* 
petition in them, that I am told not one is sold now 
where ten used to be. But the old-fashioned English 
long clock with a seconds pendulum has not regained 
its place, and no wonder, *for a more ugly and clumsy 
and cumbrous piece of furniture was never contrived. 
A clock with an equally long anTf a better pendujum, 
and with weights instead of springs, and only two- 
thirds of tjic length, .may be made for lees money. I 
have no doubt that if any man with capital, time, and 
spirit, and real knowledge of what is essential and tion- 
essential in clock-making, would establish a factory for 
making clocks, as Mr. Hotbs has for making locks, he 
might do it with the same success and advantage Jbotfy 
to himself and the public, making a far better machine 
than either the American or Frehch cloeks, for less 
thaifthe usual English price and more than the usual 
profit. 


ELECTRICAL CLOCKS. 

A 'self-winding or j^petual .motion clock is a 
chimfera*of the same order «s ‘ the philosophar’s^tone/ 
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and even still more visionary ; for I do not know that the 
transmutation of metals is demonstrably impossible, but 
perpetual motion is, so long as the present laws of 
nature remain. * 

And this is equally trpe whether the earth or a per- 
jpanent* magnet supplies*tke attraction wliich is to move 
the machine^ For it can only move under the action of 
gravity by re&on of the centre of gravity of the whole 
descending, however the action of it may be complicated 
or disgtffeted ; for the heavy parts must always prepon- 
derate over the light ones. Then a time must come 
when tlic centre of gravity has got as low as it can ; and 
after that how is it to get up again? Clearly it never 
can by any action of its own, because that would require 
the light parts to pull up the heavy ones. Exactly the 
samp reasoning applies to a permanent magnet ; for 
when that part of the machine on which the magnet 
acts most strongly has got as near to it as ppssible, it is 
manifestly, and h fortiori, impossible fdt it to tear itself 
away again, as the force increases efidrmously as the 
parts get close to each other. There has lately been 
a paragraph travelling through the newspapers about a 
qelf-yinding clock, which the editors evidently believe 
in, as they do in flying machines afnd other mechanical 
prodigies belonging^ to a different order of nature from 
that which subsists yet. Either the inventoP lias 
deceived himself, or, his clock is a clever conjuring trick, 
like Robert Houdin's famous dial and hand without 
works, or he avails Himself of the variation of some 
nafciral, force, such as the expansion of air or mercury, 
in different temperatures, whi^ has been done long ago, 
and touch a self-moving machine as a wiiidnfill is. 
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It would be easy enough to make a wind-winding clock 
if it was worth while. • 

What then isttke difference between this and* an 
“ electrical clock kept going by temporal magnets made 
and unmade by a galvanic battery ? Simply that the 90 
clock can unmake those mafrfets by # an insignificant* 
exercise of force in breaking the continuity of the gal- 
vanic circuit, in which there is no attracting between 
the parts, as there is between the magnet and the iron. 
When the magnet is unmade, the piece ^Bich it 
attracted can fall back again, and so a reciprocating 
motion is got, which may be as perpetual as # the duration 
of the elements of the battery, of which one mustrlie 
used up exactly as if it wfcre common fuel burnt, and 
force got out of it in that way. 

Bain’s clocks. The first plan*?or purely electrical 
clocks was Mr. Bain's, who made the pendulum receive 
its impulse from electricity f the bob bein£ hollow and 
passing over twef soft iron cylinders mad^ alternately 
into magnets at 4 * each beat of the pendulum by* its 
making contact with a small sliding piece. But this plan 
failed, and of the three pendulums which used to go in. 
Mr. Bain's window in Bond Street while his jtfiop* 
existed, some one wa% generally stopping, or going so 
feebly thatjit was evidently going to # stop vety sooif. 

Shepherd’s clocks are on a plan much more likely 
to answer. They 4 have in f^cUMk electrical gravity 
escapement, raising a pallet by a temporary magnet 
which acts on the pendulum when swinging in one 
direction, either lifted with it as far as the pendulum 
may gb, or lifted on to a dq&d escapement pallet attached 
to th£ pdndulum, which is fjrobably the betfeNpJan. 
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The connection of the pendulum with the clock train, or 
an y number of clock trains, is made by a pair of common 
receil anchor pallets worked backwards and forwards by 
the magnets, which are made and unmade at every beat,* 
"*s in Bain% clocks, a»<l in the still earlier electrical 
•dials of Professor Wheatstone? which were driven by 
electrical connection with some common clock. If you 
take the Height off a common clock and move the pallets 
backwards and forwards you will drive the train, but the 
wjrong’V&y ; and therefore these electrical trains must 
have their scape wheel and pallets reversed, but in other 
respects they may # bd like a common clock train. 

TBute'Mr. Shepherd made another important altera- 
tion, Hby ^arranging his ma’gnets so as to repel and 
attract alternately, instead of leaving the separation to 
be *done by, gravity. The bars or armatures , acted 
upon by the temporary magnets, are themselves per- 
manent ones? in the form flf two* flat pieces, of steel put 
across the pallet arbor with their norfh and south ends 
reversed, over the ends of two soft hdTseshoe temporary 
magnets. At one beat of the pendulum, say the left, 

• connection is made with the — pole of a battery by 
«a slight contact spring near the top, and the current 
sent accordingly through the wird which* surrounds and 
magnetised' the left horseshoe so as to attrajpt the* adja- 
cent ends of the pallet magnets, and the right horse- 
shoe the opposite# vcy, to repel tlfem; at the other 
beat the contact" is madq with the + pole of another 
battery and the current sent the other way round 
both magnets, and so their poles and their attraction 
and repulsion are reversed. The other wires of both 
batferfes are soldered together and ^ultimately con- 
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nected with the pendulum eock after pawing roupd the 
magnets. • 

The Time-balls at t Greenwich and «the Strand 

•are let off by electrical connection -with the Royal 
Observatory clock, thus : — theVircuit is ofily complete"" 
when two contact springs Oe€ pressed .together by >• 
pin in the scapewheel, and another pair bji the minute 
bind or centre wheel, and another by the tyrar wheel, 
all concurrently. The pin in the hour wheel (which 
turns in 12, or it may be in 24 hours) may tfllhade.to 
fix anywhere, so that you can alter the hour of dis- 
charge. The best way of making the contact in all 
cases seems to be by a platinum spring coming doVn 
upon a platinum point, because that keeps itself clear 
of dust : it seems also that a rubbing contact does not 
answer for electrical purposes, nor a wire oiypoint dipping 
into a cup of mercury, though any one would probably 
expect otli^wise of both of them. The* discharge of 
the ball is done by a trigger with a long l^jjer armature 
pulled by the nfltgnet, when it is made by the comple- 
tion of the electrical circuit in the way just described. 
The ball is a large wicker-work globe cohered with 
canvass, on the top of a piston which slides in a slit in 
the pole, and falls hito a bell-mouthed tube Vith a 
small air hole in its lower end, so *that the air checks 
the sudden fall of the piston and yet lets it go down to 
the bottom. Notwithstanding itLs> simplicity and*the 
apparent infallibility of this arrangement/ 1 am told by 
persons who have observed it regularly, that the Strand 
time-ball does fail sometimes — as every thing eke dees 
which* depends on the certainty o£ electrical action, so 
far as 1 lihve beefl able to ascertain. 
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Jones's electrical corrector. I give this name to 
a plan which was invented a fcw.years ago by Mr. 11. L. 
Jones, the general managgr of. the Chester station, for 
keeping a number of even bad clocks right by electrical* 
"Connection $ith one goocl one ; and which has the great 
advantage of «iqjb requltitig absolute certainty or con- 
tinuity of attion. If the pendulum of a common clock 
is made Jike Baines pendulums, Capable of being 
attracted at each beat Sy a temporary magnet made by 
an clectrlCal current from a standard clock beating the 
same time as the other ought to beat, a very slight 
amount of magnetism is sufficient to keep the inferior 
clflfck in exact agreement with the standard one ; and it 
will not signify if the maghet fails for several beats 
together, unless it fails until the error of time exceeds 
one* beat of# the pendulum, after which the magnet 
would make it worse until a full double vibration was 
lost or gained. It is true that these are npt electrical 
clocks in tjje sense of having electricity for their 
moving force, and so dispensing witlPwinding up ; but 
that is of no consequence, for it only takes a few 
.minutes even in a large clock, and anybody can wind 
Aip a clock when there is nothing else to be attended 
to, arid therefore it is an operation which cannot 
bo Skid tfi have any money value at all--except to 
be sure when it takes a man a whole day, as at 
Westminster. Tbc^-fir^t clock which was used as 
the standard one for this purpose at the Chester station 
w»|Mhc small gravity escapement clock sent by Mr. 
Bent for trial by the Astronomer Royal. I hope this 
invention will not encourage the making of bSd de- 
pen/trfiw clocks instead of good independent dues'. 
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By this contrivance also the. uncertainty of electrical 
discharge of a time-ball* is got over. The ball on the 
Victoria Tower at the Collingyood Dock at Liverpool is 
Met off by mere mechanical action from a strong dock 
below, which is kept right by electrical connexion on 
Mr. Jones's plan with the dofck at the Observatory ■ 
under the management of Mr. Hartnup ; and so is the 
Town Hall clock. * 

STRIKING CLOCKS. 

The simplest form of a striking clock is represented 
in fig. 26. It only strikes one at every hour, which 
is sometimes more agreeable than striking the full 
hour, especially where you can easily Bee at once 
what the hour is. It is very seldom that anybody has 
to count the striking of a clock except in the night. 
Striking one requires no striking part, or separate 
machinery to be wound up, the hammer* being lifted 
by a snail (or sometimes, but worse, by a jpn) on any 
wheel which turns in an-hout, and dropped as the 
minute hand reaches the .hour. It cannot be done 
however without affecting the friction of the dock, and 
therefore its rate, except with a gravity escapement or’ 
some equivalent contrivance to prevent the inequality 
of force frofli reaching the pendulum ; and the remark 
which I made at page 143 about the importance of 
fitting the dial spring on to tfr 8 * c e n tre arbor with* a 
square instead of a round , hftle, % applies still more 
strongly here, as the friction of that spring has to over- 
ctfmewthe resistance of the hammer spring. The? shdrt 
spring against which the hammer shank falls is ^0 pre- 
vent it from jarijng on the bdf, and this is necessity ip 
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every, ease both in large and small clocks, unless some 
other contrivance is resorted to for the same purpose, 
such as I shall speak of qnde? turret clocks. In com- 
mon clocks this, check is given in a simpler way, as 

Kg. 16 . 

« 1 • 



shown in fig. 27, where the square top of the stiff 
Spring'S butts against the square piece on the hammftr 
shank, whose own elasticity lets the hammer strike the 
hpllrtfnd then pulls it bSSik again just, out of contact. 
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A piece of vulcanised India rubber tied round tbe pillar 
also answers very welL * 

This ‘is a front view .of the common construction 
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of ai} English striking clock; the foreign ones are 
different, as I will explain presently. The wheels 
shown only' by circles (w^th p, few of the scdpewheel 
teeth) are within the frame ; only those with teeth are 
' outside, and they are indicated by the same letters as 
-in fig. 22. The Jiammdr (.tail is raised by 8 pins in the 
second wheel of the striking train, which corresponds 
to the cei^re wheel of the going tratn. The pinion of 
that wheel generally has 8 leaves, and is driven by the 
great wRfel of 78, which therefore turns in 12 hours; 
not that that is at all material, and of course higher 
numbers wopld be better. The striking wheel drives 
the wheel above it once round for each blow, and that 
wheel drives a fourth, in which you see a pin P, six or 
any integral number of turns for one of the third 
wheel, and the fourth wheel drives a fly to moderate the 
velocity of the train and the time of striking. 

The number of blows to* be struck is regelated thus : 
the dial-whpel N has a jftn on its face*whicli raises the 
lifting piece LON a tittle before^he hour, just far 
enough for it to lift the long click C out of the teeth 
of the rack BKEV, which then falls back (helped by 
<a spring at its tail) as far as its tail V can go by reason 
of th£ position of the snail Y on "the hour-hand wheel ; 
which has Esteps in # it, one for each hour, so gs to let the 
rack fall the distance of one of its own teeth for every 
hour the clock ou ght ^ strike. TUls fall of the rack 
makes the noise* called yarning a few minutes before 
the clock strikes. the reason why it cannot begimtio 
strike yet is that the pin P oannot pass a stop which* is 
turned inwards from the lifting piece, through 'a large 
hpta&alhe frame, until that piece drops again, which it 
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does exactly at the hour by the advance of the pin in 
wheel N. Then the striking train is free, and that 
4 ittle piece K G, called the gathering ‘pallet, whiofi is 
squared on to the prolonged arbor of the t^iird wheel, . 
gathers up the teeth of the ra£k, one for each blow of. 
the hammer ; the click is lifted as etfch* tooth passes, 
and prevents the r # ack from falling again, anti at last all 
the teeth are gathered up and the tail of the pallet is 
stopped by the large pin K in the top of thejraqjc, and 
the train can go no further. 

The great feature of this English striking work is 
that you may 'strike 1 the clock as often* as you like 
within the hour, or stop ij any number of hours, and 
yet it will always strike right, because the striking 
depends on the position of the snail attached to the 
going part, and not at all on the numbet last struck. 
These clocks are therefore qpmetimes* furbished with a 
string to th£ outride, from the click, so that you can 
pull it in tlie nigh^nd hear the hour. But this is just 
the wrong way of doing it ; for if you hold the string 
too long the click will miss some of the teeth and the 
clock strike too many, and if you drop it too suddenly 
the rack will not havq fallen its full distance and jt%rill* 
strike too few. The right place therefore # to put^the 
string is to*the lifting piece, as at F. (The piece Qtq 
belongs to something else which I shall speak of pre- 
sently.) * # 

Strike and silent. There are several ways of 
twowing the striking work out of gear, so as to keep 
t£e (Jlpck silent. 1 think the best, though not £he 
usual que M is that shown in fig. 27, i small levejywhose 
end ac falls befose and stops a pin in the rack wlielft&e 
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other* end of the lever is put up to si by an index or 
handle coming through the effge of the dial. I have 
seen methods used which are very likely to stop the 
■ .going as wejl as the striking of the clock, by leaving 
r the rack to fall. ** 

It may save people a little time if I tell them what 
hardly anybody seems to know, that you may move the 
hands of &n English clock forward through all the hours 
without spiting for any of them to strike, except 12, 
where the rack-tail has to get over the great step in the 
snail ; and even that is often provided for by sloping 
the front of that step and the face of the pin V, to let 
the snail push it aside, the tail being elastic enough to 
give way a little. In the same way the tail of the 
lifting piece at N is<- always twisted a little to *let the 
lifting pin pass it backwards without lifting, so that 
you may turn the hands Uack and the clock will not 
strike at all, unless it has already given warning. 

The snail is sometimes set on a separate wheel below 
the hour-wheel and moved by jumps by a pin in the 
minute-wheel M ; this apparatus is called the star wheel 
and jumper; but I can see no use in it, and therefore 
shan describe it no further. 

Locking-plate c striking work. The principle of 
the striking work still used in all foreign clocks, French, 
German, and A merica n, is shown in this drawing, 
though the actual arrangement of the pieces may be 
different. It is generally used also in English turi^t 
clicks, You see the rack and its click are gone, and 
instetd there is a wheel Y called the locking plate or 
cour^Rheel, whicli turns in the 12 hours and may 
therefore be put on the arbor of the great striking 
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wheel, or driven by the pinion of the striking wheel. 
It may be considered a* marked out into 78 di visions, 
«£nd notches made in it -at the distances I, 2, 3, Ac., 
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into which a lever O Q can drop, which is connected 
with the lifting piece. That ft generally made with 
two ■atops upon it, one a little behind and below the- 
. other; and, the pin P an the pin-wheel stops against 
•the first when the clock has done striking, and against 
the other when ‘the lifting piece is lifted by the wheel 
N in the dial work. But I have introduced an altera- 
tion in this respect in «some turret clocks lately made, 
because one of the stops on - the lever must be out of 
the right position for direct action of the pin. Instead 
of two stops on the lever, there are two pins on the 
wheel, P and p, one a little behind and nearer the 
centre of the wheel than thj 3 other, and p is caught by 
the stop when it has been lifted high enough to let the 
first pin P escape a»d ‘ give warning/ 

(There is, ' or ought to be, a disc C with a nojch or 
cam in it oq the arbor of ,£he third wheel, which turns 
once for each blow, and moves faster, than the locking 
plate, and ^therefore is more ccrtaj/i to lift the lifting 
piece quite out of the way of both pins before the pin-* 
wheel gets once round ; otherwise the clock might be, 

' and clocks without this cam sometimeAirc, prevented 
' froha .striking at all, especially if the parts are not 
adjusted .with g^cat precision. The lifting piece 
evidently cannot fall again until another dutch in the 
locking plate comes under the tooth Q. Sometimes 
tile lifting piece. 170 N Q is made in two pieces, one 
lifting the other, but I see no advantage in it, except 
where the pivot C happens to be at* an inconvenient 
distance from the locking plate. In turret clocks with 
three^sheeled trains it is generally more convenient to 
mi(£e the wheel C turn twice for each blow, and then of 
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course there must be two cams, as shown in §g. 41. 
And I have also had it done by a small wheel with as 
many cams as there are. ping, set on the Arbor 0^ the 
striking wheel, in small turret decks where the 
striking is done by the second wheel as in fiouse clocks, 
and the pins on the third wheel, theafly-piniod being 
the fourth; see fig. 31, page 187. • 

’ For striking one no lift by # the locking jjlate is re- 
quired, but only a long notch reaching from 12 to 2 ; 
and for the same reason the clock can be matle to strike 
one at the half hours by dividing the locking plate into 
90 (= 78+12) and leaving a wide notch between every 
two hours, and putting a half-hour pin into the wheel Ti 
(fig. 28) besides the hour one. Most of the French clocks 
are so made ; but they have the inconvenience of striking 
one three times between 12 and 2. The far greater 
objection to the foreign plan altogether is, that if the 
striking onee gets wrofag, or stopped from* not winding 
up, or let off by accident, or the clock % stopped by 
housemaids, it strikes wrong* afterwards, until it is 
struck round to the right Jiour again. The American 
clocks have a wire specially provided for this purpose/ 
but the French have not, and you have to put your 
finger in behind the left side of the clock and lift the 
lever you ’♦ill feel there, to make it ‘strike ai often aa is 
necessary to bring it right ; which is a great nuisance, 
and to some people almost or qiriie an impossibility. * 
Quarters. If the clock j# to strike the quarters, a 
third 'part' or taain of wheels is added on the right Bide of 
the going part, with as many bells and hammers las may 
be required. There is indeed a method of making the 
same striking .part do both fdr the hours and quaatefs, 
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but it is complicated and probably saves nothing in 
cost, and of course requires a much heavier weight or 
stronger spiling, and stronger wheels, if it is to be done 
effectively! The construction of the quarter part is 
substantially the same as of the hour striking part. If 
■' there are only 2&ells, the 2 hammers are lifted by pins 
on each side of the striking wheel, or they may be the 
same pins jf the arbor gf one hammer is put above that 
of the other. They should be so placed that the inter- 
val between each pair of blows or each chime is twice 
that between the blows of each chime, whether there 
are 2 or 4 bells. When there are more, the interval 
between each chime requires to be as much as 3 spaces 
instead of 2. When there are more than 2 bells the 
hammers are workqd by a chime barrel, because the 
chftnes are not generally the same thing repeated, as 
they are with ding dong quarters. But this belongs 
more to turret clocks, under which I shall go more fully 
into it. TJxe chime barrel is generally put on the 3rd 
wheel, but it would require less force to turn it on the 
2nd, for the reason I gave before, that the more wheels 
• there are between a slow power and a quick work, the 
move is lost in friction, in a proportion beyond what any- 
body would expect. As the barrel naturally turns in 
an hour, the proportion of the pinion and great wheel 
would be just the same as in the going part. 

The quarters mBy 'u?, let off either by the English 
repeating method, oy by the French locking plate. If 
they are merely the same chime repeated 2, 3, and 4 
tidies, the repeating movement should be used, as it bias 
the sajpe advantage as in the hour striking part. But 
if each'quarter is a different tune, it should not be used, 
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because repeating the striking of the quarters in that 
case will throw the whole tune into confusion ; though 
this plain distinction is offcen overlooked. The/con- 
nexion between the two striking *part3, a when the 
quarters have the locking platfe, is made by that wheel 
performing the function of the wheels T(fig. 27) in dis- 
charging the hour striking, as the 4th quarter finishes. 

The repeating quarter movement is not so simple : 
the principle of it is this : — The quarters have jt rack, 
snail, &c., just like the hours, the snail being fixed'on 
the wheel N so as to turn in the hour, and of course 
with 4 steps instead of 12. The rack is so placed that 
when it falls for the 4th quarter (its greatest drop) it 
falls against the hour lifting piece somewhere between 
O and N (fig. 27) so as to raise it # and the click C. It 
is then held up by the thing marked Q q tatching hold 
of the pin close by it, aiyl as the* last ^ tooth of the 
quarter raCk is gathered up it pushes Qq aside again, 
which lets the lifting piece drop and the kpur begjn to 
strike. 

There is a very simple •construction of a clock for 
striking repetition quarters only when it is wanted in 
the night, by pulling a string which goes round a spring 
barrel, and so winds it up as far as it is allowed to go 
by the portion of the quarter snail on the going part, 
which stops some pin or lever connected with the barrel. 
This may be easily made to Wdicate half quarters/for 
if there are 8 steps in the snail, tjien at about 50 min. 
past the hour" the lever could go 7 depths and the 
clock.would strike 3 ding dongs and one bell more ;*and 
it may either begin or end by letting off tk e hour. 
This construction is in substance that of "repeater 
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watchus, of which the striking part is both wound up 
and let off by pushing in the handle. 

.Akrumsi If you suppose a short hammer instead,- 
of a pendulijm fixed to the pallet arbor or the crutch of 
either kind of recoil escapement, it would swing back- 
wards and forwards very ‘quickly, and strike both sides 
of a bell of proper size placed so as to inclose the 
hammer. ‘This is the rway an alarum strikes, and not 
by the lifting of a hammer at distinct intervals. The 
hsCmmer is driven by a wheel like a strong recoil crown 
escapement wheel (p. 34) with a spiked pulley or barrel 
attached to it by a ratchet and click, over which a rope 
goes, with a small weight at one end, and a smaller one 
at the other to keep the rope stretched and to wind it 
up by. The alarum can only go when a stop lever is 
lifted by a pifi on a collar which is fixed on the hour hand 
wheel by a friction spring, sq that it can be set to go off at 
any hour you like. You must not wiijd it dp till within 
12 hours ofr’the time it is intended to go off, or it will 
go 12 hours too soon. 

Tell-tale clock. This is' said in one of the Parlia- 
‘mentary papers about the Westminster clock to be an 
invSn^ion of Mr. Whitehurst of Derby, for watching 
watchmen and telljng whether they are on the watch 
and in the propey place all the night. Thafcunpleasant 
little clock which one hears striking the quarters 3 or 
even 4 times in t some 'Westminster 4-bbey afternoon 
sermons, is of this kind, and there are some in the lob- 
bies of the Houses of Parliament. There are a set of 
spikes" sliding in holes in a 24 hour dial, one forSevery 
quarter: of an hour, 0 which can be pushed in, by pulling 
a litndle in the clock case during a few Tnhmtes of that 
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quarter only. So if any pin is found sticking out jn the 
morning it indicates that the watchman was either asleep 
or away at the time belonging to that pin.* The Jplate 
carries the inner ends of the juns ovepan inclined plate 
or roller at some other period ®of the 24 liours, which 
pushes them all out again ready for wotkthe neift night. 

Musical clocks. Clocks that play tunes — not short 
quarter chimes, but tunes of several minute^, either on 
bells or organ pipes, are not clocks in respect of their 
music, but simply musical boxes or barrel ol^ans turned 
by an independent spring or weight and let off at the 
required time by a lever from the clock. .And nothing 
else occurs to me as belonging to small or house clodks 
of sufficient use or importance to require notice. So I 
pass on to the larger branch of the art, which has been 
the subject of greater improvements within the*last 
fifteen years than in the previous 0 century, and has 
reached a degree of Accuracy which was "derided by a 
great authority among the clockmakers ^s impossible, 
when it was required by the Astronomer Royal for the 
Westminster clock, even qfter it had been very nearly 
achieved in that of the Royal Exchange. And this 
accuracy, equal to that of the best astronomical clicks, 
and very superior to that of chronometers, ha*s been 
accomplished not only without an increase,* but with a 
great reduction in the price of 


PUBLIC OR TURRET tJLOCKS. 

It may be supposed that as the work of these docks 
only jliffgra from that of house clocks in the si^e of the 
hands and the weight of tile hammers they* tuwe to 
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move, you will only have to enlarge the machinery and 
the business is done. But there is a very important 
fact Vi the way of that conclusion : viz., that as you 
increase the^ strength o£ machinery you increase its 
yeight in a ratio as mucin higher as the cube is higher 
than the square* of any 6f its dimensions; and when 
you increase weight you increase friction, and friction 
is a word which ought n^ver to be long out of the mind 
of a clopkmaker, or at least of a clock-designer, inasmuch 
as the timekeeping part of a clock is the only machine 
whose sole business is to overcome its own friction, 
resistance of <the air, and variations of heat, and to do 

ft „ 

that in a constant and uniform manner. And there is 

c 

this further difference between large and small clocks : 
in small ones the force or weight required to work a 
hammer of an' ounce or two is generally about the same 
as is required to 'keep the, pendulum going, and so 
the two * parts ’ or trains are about ejLual in strength ; 
whe^pas in ,darge clocks the lifting, of the hammer 
generally requires a great deal more power than driving 
the hands and pendulum, and therefore ought to have 
much heavier and stronger machinery. Nevertheless 
the object of some clockmakers seems to be to make 
the going train of large clocks as heavy and the striking 
train as light as they can, I suppose from thevidiculous 
love of uniformity which people have been taught for 
many years to admire in the great constructive art of 
building, and which ip still -more absurd in mechanics, 
except where the work to be done by two different 
machines is the same. ‘ - 

Pendrjum. I baf e already treated of pendulums for 
larger as 1 well as small clocks at considerable length, 
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and there is little to add with reference to large flocks 
only. I will only repeat that the construction and sus- 
pension of the pendulum arg of primary importance. 

The great majority of clockmakew set their faces 
against large compensated pendulums, and will use 
nothing but wooden ones. «A'nd so tong as th t clocks 
themselves are no better than they are, it would 
undoubtedly be a waste of money to compensate the 
pendulums, as the escapement errors will far exceed the 
temperature one. But when you have golfa first-rate 
clock in other respects, it is absurd to prevent it from 
going accurately by not giving it a pendulum, without 
which it cannot keep the same rate in hot and cold 
weather. It is true tha! a. 2 seconds, or even a 
second compensated heavy pendulum, is a rather expen- 
sive affair if well made ; and with a sonimon dead 
escapement probably the advantage* is on the whole in 
favour of ai*i3 feet pendulum of 2 or 3 cwt. over a 5 
feet one of -about Jialf the weight, which ^rill enable a 
clock with such an cscapen^rft as I shall describe to 
keep within a second a month of Greenwich time. The 
fashion of extravagantly long pendulums « "has very 
properly gone out, as their inconvenience and liability 
to be affected by the wind overbalances any advantage 
from thedi in a moderately good* clock. •There *Were 
several in Yorkshire until lately as long as 56 feet, or 
4 seconds : 20 feet = 2^ seconds, which old Doncaster 
church had, is the utmost length I Should allow. 

There is or was a practice in fashion with some clock- 
foakers of hanging the* pendulum to the wall abo<re or 
at some distance from the clock, and connecti^ it with 
the pallet arbor, either Vf a long crutch^pflintiug 
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upwands, or a horizontal rod, or both. Theoretically 
there is no objection to it, but practically it wastes a 
great, deal of the escapeu^nt force in the friction and 
shake of l^he additional t pivots, and renders a greater 
force necessary, or increases that quantity WA on which 
we saw 'that aU t&e escap&nent errors depend. There 
may be easel, however, where it is impossible to hang 
a long pendulum in any^other way; and then the only 
thing tg> be done is to take care that all the connecting 
work is as fight as possible (a very thin wooden rod like 
organ ( trackers 9 is quite strong enough), and the pivots 
very small and well fitting, and that all the motion is 
exactly in the plane at right angles to the pallet arbor. 

Position of clock. The worst of all positions for a 
large clock is the usual one, on a stool on the upper 
floof of a tow^r, for the reason I have already given at 
p. 94. The t best* is that which the authors of the 
memorial of the Company of Clockm^ers against the 
plan, of the^ Westminster clock were silly enough to 
call the worst, obviously* because Mr. Dent intro- 
duced it, viz., on stone corbels built deep into the 
wall. Where this cannot be done, cast iron brackets 
boltdfl ^ through the wall will do, or iron beams across 
the room if it is not very wide. When the clock is 
fixed as firmly as this, the pendulum may be hung from 
the clock frame if rit is itself strong enough, and the 
pendulum cock property* fixed to it or cast with it, 
though the wall is generally to be preferred for a long 
and heavy pendulum, if the clock stands near enough 
to it*, fiut again it is inconvenient to have a verv t large 
clock so^plose to the 1 wall that a man cannot e get,some 
access tb it from behind. Therefore nto general rule 
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can be laid down for the fixing of turret clocks, except 
that firmness is the first consideration, to which every- 
thing else must give way according to the oircums^mces 
* of the tower, I have already mentipned at p. 93 the 
increase of arc caused by hanging a h e&rf pendulum 
from the wall instead* of a # strong ^jpden frame from 
the ground — not a mere floor ; and as the. escapement 
ferrors vary invdtsely as the cube of the arc, the clock 
should go more than twice as well with the firmer sus- 
pension ; and in fact it does. * * 

Frame. The old established form of clock frame 
still used by all the London makers, I believe, except 
Mr. Dent, and by most of the country ones, is a sort of 
cage of vertical and horizontal bars, some of which con- 
tain the bushes for the pivots of the wheels, and have 
to be unscrewed from the principl! bars jp order tg get 
any of the wheels out. It was a great improvement on 
this to fixi;he bushes* themSelves with scilews instead of 
riireting them into the bars, as it enabled the wheels 
to be taken out separately, instead of ak dfopping*loose 
at once and perhaps bending their back pivots as soon 
as the front bush was taken off. Mr. Vulliamy, I think, 
introduced this plan, and Mr. Dent used * it ii^ the 
Exchange clock, of which a perspective view is given in 
Tomlinsons Cyclopaedia under Horology . But he*soon 
afterwards adopted a still better arrangement, borrowed 
in principle from the French^ who were strangely ahead 
of us in this branch of clockmaking* until the improve- 
ments introduced, or at any rate first adopted by him 
•and the present Mr. Dent within the last few yeass. 

Tfie following picture, though dated 18^0, shows 
accuratefy epQUgh the general arrangement $ a large 
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clock of this kind, as I can easily explain the modifi- 
cations which we have since made in it. 

The great mass of the frame is a horizontal bed* cast 
in one piece, lying on the cdrbels anti bolted to them. 
The arbor of the great strikVg wheel rtuis in large 
cocks bolted to the under ^de of irame, -and th& 

great going wheel (though not so in the picture) runs 
ib bushes lying to the top of the frame. The smaller 
wheels of the going part have* their bushes’ in the A 
shaped small frame which rests on the great ohe, and 
they can both be taken out separately by unscrewing 
the bushes, and can also be lifted off and taken away 
all together in the small frame without interfering with 
the great wheel and rope. • In like manner the second 
wheel and fly pinion of the striking part are set in the 
small pair of cocks of which the front ong is show® in 
fig. 29 just under the words ‘ remontflire fly/ which we 
have nothing to do with ydt. The great Wheel lias the 
striking cams ujJbn it as shown at fig. 41, of which I 
shall have more Cb say hereafter. The locking'Jplate 
wheel is driven by a pinion on the great wheel arbor, 
the pinion having as many teeth as there are cams, an$ 
the wheel 78, or any numbers in that proportion. # The 
long levers which let off and stop the striking, are dis- 
charged by the snail in the going part* as will be 
evident enough to any one who is likely to read this 
description. I have given a separate drawing of, the 
cast-iron pendulum bob with its domical top, as before 
described at p. 49. * 

• Tjjhree-wheeled train. The superiority of . such a 
fram% as I have just described, iij steadiness and con- 
venience* of' arrangement, ever one made of lQose bars. 
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must-be evident. You observe that both the going 
and the striking trains consist only of three wheels, 
instead of four or five as in house clocks and in most 

• r , 

of the previous turret-clocks which went 8 days ; and 
in the few which had y> wheels it used to be accom- 
plished either ty very ]*>ng Barrels and a cumbrous 
frame, or 'by a large and heavy scapewheel with a 
great number of teeth in it, whi< 5 i I have already 
shown to be objectionable (see p. 96). Here it is 
managed, $rst by the use of wire ropes, which are 
about J the thickness of equally strong hemp ones, 
and therefore 4 times as many coils will go on the 
same length of barrel ; secondly by putting as many as 
20 or 24 cams on the great" striking wheel to lift the 
hammer (in an eight-day clock); and thirdly by driving 
ther dial work from an auxiliary wheel of 40 teeth, 
instead of a pinion of some much smaller number, on a 
wheel of the train which must ttirn in an<. hour, as is 
shown in fi^r. 29. This wheel is eitner clamped to a 
collar on its arbor by thumb screwsTh very large clocks, 
or in small ones by a frictiop spring as in house clocks, 
and the discharging snail and bevelled wheels arc fixed 
to the arbor. The great wheel in these clocks has never 
been made larger than 13 in. diameter (except of course 
at ’Westminster), add they are stronger for <$riving the 
dial work than clobks with much larger wheels driving 
thiough a small pinion the usuSl way. The great 
wheel turns in f hours only, which also makes the 
winding much easier than the usual plan of making 
the barrel turn in 5 or 6 hours, and saves an extra 
winding heel on the barrel and a winding pinion, 
except m very large clocks. 
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In the French clocks of this kind in the 1851 Inhibi- 
tion, and in Mr. Dent's original ones, the first bevelled 
wheel was on the great wjjeel, and therefore 3 Aimes 
the size of the one it drives ^ but this involved some 
inconvenience with no adequate advantage, and so J 
suggested this other way of doing The* second 
wheel turns in 15 minutes, and the scapbwheel with 
40 pins in»2 minutes, the pendulum being 14* sec. 

In the striking part the advantage of putting the 
cams which lift the hammer on the grealf wheel is a 
great saving in the friction, and in strain upon all the 
work. This always used to be done in the old 30 hour 
’clocks, and the consequence of doing it by pins in the 
second wheel in week clocks is, that there is hardly a 
large clock of that kind in Eaglapd which is adequate 
to its work. The striking parts of York Miiftter 
clock had to be altered from a wedk to a day. For 
bells abovfr a ton, I* agree with old Mr. Reid, that 
one-day clocks are the best, except where^ there ja an 
unusually long falf for the wfights, as* may be proved 
thus : — a 40 lbs. hammer saised to a height equivalent 
to 5 inches vertically is the least that will bring the 
sound properly out of a bell of that size, and that i 9 too 
little if the bell is a thick one. Under the most favour- 
able circu&stances, and* striking from the |reat wheel, 
you may reckon that the actual clock-weight will have 
to be double the theoretical, #^=40 lbs. x 10 in. 78 
x 15 for days, which will be nearly 9 cwt. with 
a fall of 40 feet; and if several cranks or pulleys are 
# hsed, the weight will hate to be a^ood deal more ;*and 
such large weights are not very safe in most places, and 
require a veryxstrong clock besides. The Westminster 
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clock tis the only one I know, where the proportion is 
much less than this, but there it will be seen that we 
adopted an tmusual arrangement of the hammer-work 
in order to save friction and loss of power in every' 
^possible way. In the quarter part, where we could not 
do the kme, theftictual weight required is nearly three 
times the theoretical, and so it generally is. A one 
day clock* of course ^requires a v 4 ry mufli smaller 
weight, not perhaps f less, because there is still a con- 
siderable lfl$s by friction, but certainly f less. There 
is however no difficulty in making the going part for 
7 \ or days (to cover a possible missing of the proper 
day), and I think the best plan is to make the clock* 
case so that only the clockmaker who has the care of 
the clock can wind qp the going part, once a week, but 
to leave the striking part of such a clock to be w r ound 
up by a sexton or anybody else every day. In calculat- 
ing the diameter of a barrel to &iit a given* fall of the 
weights, you must remember to make the actual 
diameter less than the Calculated, *by the thickness of 
the rope. 

• Some clockmakers still use wooden barrels, as they 
did 4 ' when there was nothing better, 600 years ago. 
They- shrink out of shape, crack, and decay, and are 
moreover unsuited* to wire ropes, which aye in every 
way better than hemp ones, lasting longer, and 
afbiding the necessity for either a long barrel or a 
very slow motion 4 of the great wheel, and consequently 
a great strain upon its teeth and pinion. Some of the 
best provincial makers have begun to use them, and 
this pattern of clock generally, since the earlier editions 
of thi^book were published. The barrels may be 
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either of cast iron, which however is rather heayy, or 
sheet iron brazed at the seam, which is generally the 
best construction. The wire ropes should nflt be zinced, 
"or (as it is called) galvanised, as that process makes iron 
brittle, and a mixture of tar and grease will much better 
protect them against rust. * «• * 

The striking barrel must have a winding wheel for one 
of its ends, and a'pinion with a squared arboj to wind it 
by, if the great wheel drives the locking wheel, because 
the arbor must then be fixed to the great*lvheel, with 
the barrel riding upon it. In very small turret clocks, 
with light hammers, and weights which do not require 
a wheel and pinion to wind them, the locking wheel 
should be driven by a single tooth or gathering pallet 
on the arbor of the second wheel if it turns once for 
each blow, or two if twice, with a spring elick to k?ep 
it steady. But I think it is almost ‘always better to 
wind the staking part by a pinion, in eight-day clocks 
at any rate, except in very small ones, as it ^nables^you 
to have smaller pivots, and avoids a.gredt deal of strain 
on the arbor, and make a the work easier. I have 
already observed that the old locking plate construction* 
is nearly always used in turret clocks, as it is simpler 
and stronger than the rack or repeating movement, 
for which {here is no such reason as there Is in house 
clocks. 

It is of great importance infixing a clock to let the 
ropes have a long run from the ^barrels to the first 
guiding pulley, if they are not able to hang straight 
duwn without any guiding, as they seldom <cah ;"for 
otherwise the rope rubs against itself in winding, and 
wears out much sooner thaif ff it runs smoothly on to 
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the barrel. This too is another advantage of the wire 
ropes, that as they require so much less length of 
barftl, therfe is less of this sideway strain and friction 
on them. In the Windsor castle clock Mr. Vulliam/ 
.used catgul lines with^the same object, which enor- 
mously exceed tfae cost of wire" and arc not so strong : 
but wire r<5pes had not been then invented. Mr. Dent 
was the fijst to use them after they \fcre invented. '* 

Stqps for weights. There ought to be some strong 
stop fixed^so as to catch the pulleys attached to the 
weights, or the ropes may get thrown out or strained 
at the end of the winding. In the Westminster, clock 
the winding is stopped at the handle, but in clocks of 
common size without so much multiplying power, this 
is not requisite. ^Except where the floor under the 
wfllghts is the ground, there ought to be a box of at 
least two feet Of dry sawdust and shavings with a 
cover of wood, or still better, # stonc, over it for the 
weights to^all on if a rope breaks. Otherwise a heavy 
weight will go through any number of tower floors, 
and into the vaults below, 3 s has sometimes happened. 

I do not give any numbers for the wheels and 
pimons, because there is no virtue in any particular 
numbers. Every mechanic knows, I suppose, that 
high nunlbered pinions are driven more •easily than 
low ones; and vhat the numbers of the wheel-teeth 
dhpend on those of the pinions. Much depends also on 
the work to be done. *For instance, if the second wheel 
has to lift the hammer, it requires a much larger and 
stronger pinion than if it has only to drive the fly. Of 
the instruction of teeth and cams I shaft treat 
specially in a later part b! the book. u 
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I have sometimes found it possible to get a better 
division of the numbers of the wheels by making the 
cam plate C, on the second ^heel (see p. 167), to lurn 
f round for each blow, instead.of eithdlr onje or twice; 
and as the blows of the hours dte successively odd and . 
even, that can be done. But for one 8 f clock having no 
liffc in the locking^ plate, the cam plate miglft be made 
simply with 3 drops in it, of whicji one would tal ways be 
passed over at each blow by the lifting lever without 
dropping. Iji order to get over one o’clock for which 
the locking plate does not act, there must only be two 
drops at the distance of i and § the circumference from 
each other, and you must take care to set the cam plate 
in such a position that the lifting piece will have the 
long space on the circumference.^ pass over, and not 
the short, just before one o’clock or any* of the ocld 
hours. This is the case ip the "Westminster clock 
which goes^j. dayp, and in the Leeds town hall and 
Doncaster church clocks (see fig. 41), which a*e made to 
wind up every day in the striking part, for the reason I 
gave just now. • 

Four-wheeled trains. These horizontal frames* 
evidently require rather more length than a # if ell 
arranged cage frame, in which the # wheels stand o^er 
each other* and they would require still more to con- 
tain a four-wheelqfl train. Turrets are sometimes 
made so small that a horizontal* framg clock even of 3 
wheels cannot be got in. The clock can be got into 
less length by making the frame something like a 
pointed arch which is also a strong form. Mr. ifent 
lately had* an order for soipe clocks to be to 
Mexico, with tinusually small limits prescribed for 
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thenft The arrangement on the opposite page brings 
the work within the smallest possible limits, and I be- 
lieve these are the strongqpt clocks of the size that have 
ever been made * Thercj are " no loose bars whatever to 
. the frame, and instead # of cylindrical bushes (fig. 30 a) 
which can only tfe let in fiear tlic middle of the bar, the 
bushes are* mostly of the form in fig. jjo c, which admits 
of greatemvariety of pqpition,and also enables the wheels 
and other pieces to be taken out singly with greater 
facility than the let in bushes/ Another. bush, which 
is used in clocks with horizontal and arched frames, is 
that of fig. 3© b } which is the best of all for convenience 
of fixing, and adjusting the place of the wheels, and 
taking them out separately. 


Fig. 30. 



J? ig. 31 is a front elevation of these Mexico clocks, 
showing as much as can be shown at one view without 
confusion, and representing the wheels only as circles 
for the same reason. * They have 1 sec. compensated 
pendulums with bobs of nearly 1^ cwt. ; where there is 
room, of course it would be better to use il or ii sec. 
pendulums. They are calculated, to strike the hour on 
a hqlLfof 4 or 5 ctft. witjh quarters in proportion, and 
will diive four 6 ft. dials very well. The whole length 
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hanflners and the clock weights. One fly may go 
behind the other if necessary. I may as well remind 
architects that there mujt be room for a man to stand 
and wind # up the clo?k besides. . The hole in the 
upright bar where the 'pallets are shown, is only in the 
back tar, which*!* widened out for it/and the two lumps 
which form the pendulum cock are cast on the back. The 
cross bar#wliich carries tlios locking plate 78 is only 
wanted on the front frame, and is omitted on the back 
one, as it "would interfere with taking out the barrel. 
All the levers are so placed as to clear the ropes when 
they have to*be taken upwards. The small cam wheel 
for lifting the locking lever of the striking part answers 
very well : that of the quarters is in fact the locking 
plate itself. If theye are no quarters at the hour, the 
pinion of 26 should be 30, and it must drive a separate 
locking wheel of 36 which will turn in 2 hours. 

Quarters. I have postponed pa# of vrtiat I had to 
say on t]fis subject till now, because turret clocks 
have quarters much oftener than house clocks. Of the 
common ding-dong quarters on two bells I have little 
more to say, the construction being substantially the 
8&\uc in large and small clocks. When the quarters 
aje struck at the hour, the first or highest quarter bell 
must be Ihe octave above the hour bell, and the second 
a fourth below that : at least they sound very ill if they 
are not. But in my opinion it is a mistake to have the 
four ding-dong quarters struck at the hour at all. They 
are of no use whatever, and only waste people's time in 
counting and wondering what is to come; and they 
can pet be struck oh the proper notes with q pea) of less 
than 8 bells. But if you omit them fct-the hour, you 
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may have quarters of [the proper notes on the isf and 
4th bells of a peal of six, or even five bells— the lowest 
jiumber which is called a peaj ; and in a peal of ever so 
many bells you may then hava your quarters on much 
heavier and louder on cs* for instance the # 3rd and 7th* 
of a peal of eight, or the 5th ahd 9th a peal of ten, 
Cambridge anjl Westminster quarters. Where 
you have a good set of quarter chimes on %f. bells or 
more, with a different tune for each quarter, of course 
the case is different, especially as the tune at the hofir 
is always the most complete of them all, as in the cele- 
brated St. Mary's chimes at Cambridge* how for the 
first time, strange to say, rppeated in a public clock, at 
Westminster on a much greater scale. How these 
chimes can ha\c been so long admired by the many 
thousands of men who have all listened to tfiem for three 
years, and yet never before been copied in a church 
clock, I cannot understand. Mr. Vulliamy once had 
an order for them for^i turret clock for Lqrd Lansdowne, 
but unfortunately he assumed that they were on 4 
successive notes, and got the bells and an iron bell- 
frame made first, and then wrote to ask me for the* 
chimes, and found that his 4th bell was 3 notes too .high, 
and the frame too small to hold one; of the proper s^e. 
At the R<fyal Exchange they adopted the Cambridge 
notes, but, as old M r - Dent told me, they pronounced 
the tune wrong, and altered ft! I qpid that for any 
thing I knew, it might be wrong* according to some 
musical rule, but that nobody could hear the # Cam- 
bridge; and the Exchange chimes without preferring the 
formes, notwithstanding thej; jrere 'invented in\hf* last 
century by a certain Professor of Law, not Music* whose 
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famfc chiefly lives in some well known verses about 4 a 
^little garden/ by a much greater Professor — Porson. 

4 "Well/ replied Mr. Dent^ in his candid way, f I heard 
those Cambridge chimes last year, and I must say they 
have a harmony about them that we have not got at the 
Exchange/ I should thirfk they have : and in order that 
you may judge of them for yourself on a piano, if in, no 
other way, I shall giv<e them presently, together with a 
modification of them which I introduced for the purpose 
df adapting them to peals of 8 bells instead of io, which 
the full Cambridge chimes require — except where they 
are merely the 5 clock bells as at Westminster. 

Doncaster church quarters. In this case you 
must omit them at the hour, because the only bells 
that can be used for these quarters in a peal of 8 are 
the 2nd, 3rd, 4th, and 7th (reckoning, remember, from 
the treble always in peals of bells), and the hour struck 
after that on the 8th bell would bp 3 nbtes too high 
and would sound very ill. The # only reason why the 
slight alteration from the Cambridge tune is made in 
the 3rd quarter is to avoid? the mechanical difficulty, or 
in other words, the expense, of a double hammer and 
ca\n^ for the 4th quarter bell— i.e. the 7th of the peal, 
wjnch it requires to work it properly on account of its 
quick repetition. These 3 quarters on h peal of 8 
however have the advantage of being more powerful 
than the full ones on the 1st, 2nd, 3rd, and 6th bells of 
a peal of 10, unless the 10 peal itself is enormously 
heavier. The quarters at Doncaster are heard at least 
twice as far as those at Cambridge. They have also 
beeqjfsed at Scarborough (but the bells ar § thin and 
feeble"), • at Fredericton Cathedral, and several other 
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places now. You may even have them on a peal 6 j 
but you should take care that the hour hammer on the 
6th bell is considerably heavier than the* one which 
strikes on that bell in the quarters, to prevent mistakes. 

Here are the several sets of chimes : — 


Cambridge and 
Westminster. 

'd j 3126 \ 

1 3213 f Atl 
< 1326 L 4tl 

'd { 621 7 ) 


hour 10 


Doncaster, 
Fredericton, &c. 

' 1st 2347* 

2nd i 4237 
' 43 2 4 

( 37 2 4 
3 rd J 73 2 4 
( 2 347 
hour 8 


»• * • 

Royal Exchange, 
(London). 

J 1326 • 1 4 

( 3 2I 3 / 


hour 10 


• • 

That great bad bell of York, which has holes inTt 
like the Westminster bell, bj the sanfte founder, and is 
of unequal thickness besides, might be recast into a 
more powerful (sound) one of only 8 tons, forming a 
very grand G hour Bell to the'B A GY) bells of the 
peal, on which the Cambridge and Westminster quar- 
ters might then be struck. At present the bell is* 
useless, and not worth using, and the clock goes very 
ill and is a bad one, though made by a London firm 
who boast <|f sending turret clocks all over tlfe worlcf. 

The Cambridge chimes may be set on a barrel turn- 
ing in any multiple’of half an hour. It turns twice fn 
the hour at Cambridge, where they wind .up every day, 
and twice iu 3 hours in the Westminster clock which 
gfies 4 days. Iu the Doncaster clock, and othdrf on 
that plant, the chime wheels are cast in two pairs, one 
of them with the great wheel) bn each side of it,*which 
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whetl turns in two hours ; but all these arrangements 
may be easily adapted to circumstances. For heavy 
hammers all the cams should be faced with steel. 

Chime tunes. Thqse, like the musical work of 
small clocks which I ypoke of before, form no part of 
the clock ; all that the dock has to do with them is to 
let them off after the proper hour has done striking ; 
the mackinery is oftpn’in a different room from the 
clock : at the ltoyal Exchange the chime room is two 
doors below the bells, and the clock is above them, the 
connection being only by a wire. Chimes used to be 
much more common than they arc : the machinery was 
very rough, consisting mainly of a large wooden barrel 
with pins stuck in it to pull the hammers. The barrel 
end has the rope coiled round it, and it drives two or 
Three wheels ending in a fly to regulate the velocity. 
The hammer levfcrs lie on a long bed which has a little 
end-way motion to shift for .the differenMuncs, which 
shining generally done by the machinery itself, by a 
snail with steps, against which the hammer bed is 
always pressed by a weighted lever. I suppose modern 
chimes are always made with a cast-iron barrel, as at 
thte ^Exchange, with steel pins screwed in to lift the 
hpmmers. Each bell generally requires two hammers 
for the blows quietly repeated, and the whole requires 
a very heavy weight to raise the hammers properly, and 
considerable space, as 1 it is equivalent to the striking 
parts of a good mapy blocks put together. 

Time of Striking. Tile quarters are generally mad* 
to 'let off the hour, as described at p. 171. But^whbre 
accur jfcy of time 4 of striking is required, this plan 
is* insufficient \ for it " makes the first blow of the 
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hour depend on the time both of letting oflj and 
of striking the quarters, both of which may easily vary 
several seconds. It is therefore essential ‘to accuracy 
•that the hour-striking should be let off by an indepen- 
dent snail of its own, exactly* at the hour, with the 
quarters let off the requisite jiuxnber*6f ‘seconds before 
the hour.; though the other three quarters may be 
allowed to strike? at their proper tides. Ijven this is 
not sufficient where extreme accuracy is required } as in 
the Royal Exchange and Westminster clocks, which 
were to satisfy the Astronomer Royal’s condition of 
always striking the first blow within a second of Green- 
wich time. At the Exchange and King’s Cross this is 
done by a train remontoirej^ich lets the train move by 
sensible jumps at every half minute, as you may see in 
the hands, and so there is no difficulty in letting off tko 
striking lever exactly at the last jump of the hour. 
The hammes is also Ifeft ‘ on the lift,’ or nearly ready 
to fall ; which is in other respects also a' good thing in 
a very large clock, tltecause it relieves the wheels and 
the stopping pieces from a, heavy pressure, and throws 
it all on the cams and hammer work, which must in* 
any case be strong enough to bear it. In this cast it 
is necessary to put a small click somewhere, to act on a 
pin in the fly arbor to prevent the frain frorh running 
back when you wind up the clock : indeed il is as well 
to put one always, fis the winding always tends to drife 
the train back. You may see*them J on the stopping 
pieces in the Westminster clock picture. Where there 
is*no jrain remontoire, care must be taken to makeTthe 
discharging snail large, and . its corners sharp and 
hardened, and those of the discharging lever or 
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pieca.&lso. It will be seen hereafter, that the accuracy 
of striking the first blow is secured in the 'Westminster 
clocI( by a still further provision, which had the effect 
of disclosing the inaccuracy of the common snail’ 
construction rather disagreeably in the quarters, until 
we put* a larger- and sharper foail, free also from the 
shake of the hands. 

Begula$ing and setting of hands. I have already 
mentioned the two modes of attaching the lcading-off 
work, or the wheels that lead to the hands, at p. 180. I 
have seen some clocks, and by makers of very large 
business, wjtb no provision whatever for doing this, 
except either stopping the clock if it is too fast, or 
taking out the scape whee^ush and so setting it forward 
if too slow, which I need hardly say is abominable. A 
simple plan., is to make either the scapcwheel or the 
pallet arbor with- one long pivot, with a spring end-stop 
against it, so that they can be drawn out„of gear with 
each other, and so the clock put forward or backward. 
Bui there ’ is some risk of damaging the scapewheel 
teeth in doing this, if you are not careful : 1 have seen 
them so damaged. * The two ways mentioned above, 
or t elsc a connection between the wheel and the collar by 
a square click and ratchet arc the only proper ones. 
The only/jbjcctiott to the ratchet is, that the spaces can 
hardly correspond to less than a minute, and therefore 
you cannot alter the clopk less than 1 a minute. Another 
way of doing \.his rvould be to make the loose 
wheel slide on its arbor on a square, with a spring ti 
keep it in its place, and then slide it out of gear wit! 
the grfat wheel and in again with different teeth in 
o^ptSCit after you have set the hands. ^Vith' the gravity 
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escapement however, you have nothing to do but to hold 
the pallets out of contact with the scapewheel, and put 
the clock back or let it run forward ah long, "as is 
•necessary, the velocity befng kept in check by the 
escapement fly as it runs. These clocks ‘therefore do 
not really require any ’hand, adjusta&nt, though it is 
generally added. • 

•*The small alterations for less than two beats of the 
pendulum ought to be done by a weight laid on the 
collar half way up the pendulum, which carries the small 
regulating ^bights described at p. 64. But very few 
clocks indeed will ever be altered for, aach a small 
deviation as this. I shall describe it more fully under 
the Westminster clock. * * 

Clock hammers. Turret clocks always strike on 
bells of a different shape from the hemispherical home 
clock bells, which do not answer beyond a very small 
size, as I shall explain more fully hereafter. Most 
people are aware fhat the general shape of church bells 
is that shown in figs^2, 33. Hie clock* hammer C S is 
always fixed at right angles to the swing of the bell, for 
two very obvious reasons: first, if the bell was free to 
swing under the blow of the hammer, the first blow of 
every hour would set it swinging a little, and at every 
blow after ^hat the bell would either’be out of the retfeh 
of the hammer altogether, or else jarring against it; and 
another reason (if it is worth* while to talk of other 
reasons after this) is, that if the hamn&r was put in front 
,of the bell, all its machinery would have to be moved 
out 0/ the way before the bell could be rung at alH I 
explain this very simple matter now, which I always 
thought too clear to require Explanation before, hdcqnse 
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it appears that a well-known omniscient teacher of man- 
kind on all subjects, from an European war down to bell 
hanging, has somehow dropped* this small piece of 
knowledge put of his Encyclopaedia, and has told the 
world three or four tim& over during the last year that 
the Westminster’bells arer hung for the clock hammers 



'to .strike upon them, ' contrary tq all experience and 
'cofnmon sense, so that they cannot yield the fraction 
‘ of an inch under jthe blow of the hammer ’ : the fact 
being moreover, f hat those bells are actually hung far 
more loosely than any church bell cap be in the direction 
of the clock hamrger, for*the very reason that they have 
not to swing; and they do move under the blow of the 
hammers very sensibly — perhaps rather too much. 

Tlie hammers of large clocks also differ from^ vsmall 
ones in acting by gravity^ ,as you see. But they edmost 
equally require a check spring, or s6me other con- 




FI3JING OF HAMMER. *97 

trivance, to keep them ffom jarring the bell : i say 
‘ almost equally 9 because the hammers of small house 
bells are heavier in proportion than tho&e of ohurch 
bells, and so the effect of their being left to lie on the 
bell after striking would be«nuch worse. When a 
church bell is rung up> i.e. # swingi»g once round for 
each blow, and set mouth upwards, the clapper lies on 
flie bell, but not*so heavily ^is a clock hammer would, 
because it stands at a higher angle. The usual kindtrtP" 
hammer spring is shown in fig. 32 ; and itws sometimes 
made adjustable, by having long holes for the screw to 
go through, so that you can bring it ^tlier from # or 
nearer to the bell as may be required in course of time. 
India rubber buffers urfder the hammer shank are 
better in some positions, and have the advantage of 
never breaking, and being easily replaced or alteredin 
thickness. They must be kept from«grease. 

I believe^it is the fashion on the continent to fix the 
clock hammers w*th their pivots above the bell, when it 
has not to swing; alld it has the advantage 8f securing a 
long hammer shank, and therefore less angular motion 
for a given lift, and moreover the effective weight of tl\je 
hammer is not so much lost in the lift as it is in the com- 
mon position. But on the other hand, with bells' as tall 
as the foreign ones are, the hammer shank stands nftich 
more vertically than in the other way, and the rebound 
from the buffers of check spryig is greater, and a greater 
lift (obliquely) from the bell is*requifed to get the same 
momentum of the hammer ; not that that imposes more 
•worjt upon the clock. At Westminster we were-obliged 
to adopt that plan, on account of the construction of the 
tower anct belj-frame, and there it had this incidental 
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advantage with, regard to the great bell, that we were 
enabled to get the hammer tail T directly over the 
end ftf the lever in the clpck, by setting the hammer ( 
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frame, or the pivots which carry it, a little out *f the 
cardinal position relatively to the tower, and so all crank* 
ing was avoided and a vast quantity of friction saved. 

Cranks. Nobody who has # not tried it can have any 
idea how much of the force of a clock is wasted by 
having to lift the hammer through cadhk's. Where the 
hammers are not very heavy, you may sometimes use 
what I shall call* couple-levefs (for a reason^ which any 
mathematician will know), of tne form in fig. 3^ a, i 
stead of amair of cranks ; but when the hammers are 
heavy, and the arbor of the lever has to be long, I find it 
is impossible to avoid some clastic torsion in it, which 
wastes quite as much force as the friction of a pair of 
cranks, and makes the Hammers rise with a tremble, 
which checks the force of the clock and strains every- 
thing severely. For the same* reason »large cranks 
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should, be made with a light connecting bar as in fig 
34 b, which increases the strength enormously and helps 
to keep everything steady. The cranks and lever arms 
and hammer shauks and tails should all be long. I ' 
know that in modern tourers, which are nearly always 
built tow small 4 *cn for properly hanging the bells, 
there is often great difficulty in getting room for clock 
• hammers and cranks at ’all; but rfherever there as 
i’Wrni, the action will be* easier and more effective if all 
these arms arc made long instead of short. 

When the clock is above the bells, as in the Leeds 
town-hall, and # thc Royal Exchange, it is a very com- 
mon mistake to put a tail to the hammer to pull down 
first, which of course involves'the necessity for another 
to pull up again. It ought to be done (if there is 
r omn) by pulling up at once from a lever set inwards 
or on the same side of the arbor as the hammer itself, 
unless it happens from somelocarpeculiarities that this 
vould involve as many cranks as the other way. 

It Las often been proposed to fieplace the hammer 
spring or buffers by a contrivance to catch the hammer at 
it* rebound ; but I have never seen any plan of the kind 
in action, or any description of one published. If it is 
north ’doing, something of the kind which I have 
drawn in fig. 33 north! probably answer. The end of 
the hammer shank in falling would push the catch 
aside by the belly b, and it would swing out of the way 
and not return quick enough for the hook c to catch 
the hammer until it has fallen on the bell, but would be 
ready to catch it at the rebound. The velocity of .the 11 
return might be adjusted both by the sliding weight w, 
and by the position of the pin p, against which it strikes 
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when it swings away from the hammer. The* only 
objection however to the usual spring or buffer plan is 
that it wastes so much of the force of the clock as is 
•spent in lifting the hammerthrough the height it would 
have to fall to overcome the sjring and jftst reach the 
bell. Sometimes too* the hammer. douches dhe bell 

p ■ 

again after the rebound, which however is of little or 
nb consequence. • • 

The weight of hammer, ahd its lift c&n only 2 mm 
determined by experiments. Difft rent thicknesses and 
qualities ol^bells require different hammers. 1 have 
generally found that bells whose diameter^ 12 x the 
thickness of the sound-bow or thickest part (which is the 
best proportion) require hammers nearly ==■ -^ of their 
weight to bring out the full tone, and I have seen some 
heavier. The lift of course has to"l*c less fyr small b«llg 
than for large : the least that is effective in bells above 
3 or 4 cwt. 6 in. (measured obliquely in the direction 
of the motion), afld beyond 13 in. we did not find any 
improvement in the •sound of cutlier ofctlie great West- 
minster bells. Generally they are a great deal less 
cither in weight or lift, and therefore you hardly ever 
hear a church bell sound so loud under the clock strik- 
ing as in ringing with the clapper. Thin bells, hs the 
larger ones of peals usually arc, do not require sufch 
heavy hammers as thick ones ; a lighter hammer and 
a higher lift suit them better but it must be remem- 
bered that no hammer arrangement will get as good a 
sound out of a thin bell as a thick one, because it is 
nadically inferior both in quantity and quality of .sound. 
But !• shall have more to say of thfit in the chapter on 

bells hereifter., • • 

• • 
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Listing the hammer by pins on the striking wheel, as 
in figs. 27, 28, is totally wrong in large clocks, though 
it d<Ses well enough in small ones. The pins neces- 
sarily begin to act a good way from the end of the 
lever, and fherefore at*the greatest disadvantage as to 
leverage, and ‘thhfc at the^ very °time when the hammer 
is rising mdst vertically (in the usual way of hanging) 
and requires the most force to lift it. The lifting 
‘‘"Should be done by cams, which begin to act on the end 
of. the lever? and are properly shaped to^act w r ith the 
least possible friction throughout, as I shall explain 
under the Teeth of Wheels. Pins with rollers on them 
are of very little use, and do not obviate the objection 
I have mentioned, and I thttik they are nearly if not 
quite abandoned. 

have only further to remark in connection with 
this part of the *01001?, and indeed the going part also 
when the hands are heavy, that Svhcrever it is possible, 
the force should act on the same side of every axis or 
arbor as tlfe wotfc to be*done. Tflrret clocks are much 
oftencr below the bells than^bove them ; and wherever 
that is the case the hour hammer lever in the clock can 
easily be arranged as in the right side of fig. 41, the 
cams and the wire being both on the same side of the 
a$)or of 4he lever* and the clock weight \tlso acting 
between the cams and the wheel arbor. It is easy to 
see that if the diameter *of the barrel were exactly as 
wide as that of thfe cam*»circle, and if the hammer wire 
Went straight up from the short lever, the striking of 
* thfe clock would produce absolutely no pressure an 
either of the arbors, and therefore no friction beyond 
that due to the constant Nreight of the *parts, which is 
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trifling. But if you set the wire, or long arm <jf the 
lever outwards (as it nearly always is), you must also 
hang the weight ou the other side of the wheel .arbor 
► to make it pull the wire do\#n, and whenever the clock 
strikes there will be double tlfg weight of»the hammer 
and of the clock weight on both Jhose arbors, thufc 
increasing the friction enormously. The .same thing 
dm be done, and»is done in some of Mr. Dent’s clocks, 
with a pair of quarter hammer# fixed thus :* with mjtffia 
than two it would be awkward. _ * 


Fig. 35- 



I will «dd one word of warning agains^a pieev* of 
ignorance by which I remember a very fine old hell 
being cracked in *a few months, viz. making the dock 
hammer to strike it with a sha^p edge instead of a flat 
or slightly rounded face. The ‘shape which I have 
^riven for a pendulum boty in figs. 8 and 29, inverted, is a 
very good one for a large hammer. The hajnmers of 
the Iieed# and,Westminstet*olocks are all of this Bhape. 
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Public clocks arc oftener tnade without external dials 
than without bells, anc^ particularly church clocks. 
Several of the cathedrals and the test church towers are 
not defaced with clock faces, as they must be wherever 
there is not a wide enough plain surface. In manj? 
«*iifccrs to be sure this Consideration has gone for very 
little. 4 Perhaps the worst case of all is the filling up 
of the tower windows of the magnificenlf church of 
St. Mary at Beverley with dials, and dials of the first 
degree of ugliness. Tbe striking of a bell which can 
be heard all over a town ia the thing which really 
regulates the public time ; and it would generally be 
c]yiaper, bettej, and hlore convenient to put up a mere 
going clock with one or more dials of moderate height 
and size in a market-place, alid to«deave the.striking to 
the church clock, doing it well ther6 and saving the 
expense of dials, which must be larger, and more expen- 
sive there than at a lower level in the market-place. 

^ I have already alluded to the mistakes made by archi- 
tects^ not providing proper accommodation for clock 
and beil machinery, even in towers expressly designed 
for^them. Jn most oases this only causes unnecessary 
expense and derangement of the works ; but their 
ignorance of the proper ^ize of dials often causes more 
serious inconvenience. # Mr. Vulliamy did something 
towards correcting the common mistake of providing 
insufficient space for dials, in p pamphlet called Con-<- 
siderationf on Public ^Clocks, which he published uome 
thirty years ago. But iUk probably fqpgotten flow: 
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at any rate it has ceased to bear much fruit, whey one 
sees such dials as those of the Leeds town-hall 
planned deliberately, in spite of previous warning, of 
•about half the area proper fir their height according to 
the well-established rule that # J;he diametd* should not 
be less than -J^th of the height froipttlie ground. In 
cfrder that anybody may judge of this for himself I will 
giVe & list of the sizes and heights of some dials which 
I happen to have got from Mr. Yulliamy's painphlet 
other reliable sources, including one other Resides thpse 
of the Lec3^to\vn-hall, which you will see, if you go to 


look at it, is evidently too small. 

* 

• 

Dials. 

Diameter. Height. 

• 

& 

in. ft. 

Mechlin . . . i . 

Westminster . . . 4 .* *. 

40 

22, 

,6 . s$a. 

St. Paul’s Cathedral . 2 . . . 

17 

. . 126 

Shandon Church, Cork . *4 . . 

Scarborough old Church 1 . 

16 

12 

on a hill 

St. James’s, Piccadilly . 4 * . . 

*0i 

* • 

Bow Church . . . 2 . 

9 

70 

Manchester Infirmary .4 . . 

9 

. . 8p 

Royal Exchange . . 4 . 

9 

• , 9° 

St.George’sChurch, Leeds 3 . . 

8 

4 ■' 57 

St. Martinis in the Fields 4 . •. 

8 

<* 

Horse Guards . .2 . . 

7 

$ 

Marylebone Cburoh . . 3 v 

7 

about.60 

St. Luke’s, Chelsea . 4 , . 

6 

10 . 72 

The Queeh’s Stables . 2 . * . 

6 

10 about 50 

• TOO SMALL. 

St. tancras Chjjrch .1 .. . 

6 

• • 

6 , . 100 

Leeds Totfn fyll . . . 

11 

. . 1 so 
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1 vnce told some friends of mine who were build- 
ing a church, also near Leeds, as it happened, that 
the djials, 4} ft. wide for 70 ft. high, would be much 
too small ; the architect ^assured them I was quite ' 
wrong, and Selected for bis proof the dials of the Horse 
Guards and of 8£. Martjn’s, Both of which he took 
upon himself to say, at a guess I suppose, were onl£ 
5 feet wide. Ilis employers chose to'believe him, and 
-aw nt he 4 } feet dials werfe made ; and* they had not been 
up a day before everybody saw that they were much 
too small; but as usual, the mistake was fdund out too 
late to mcnd.it,. The Westminster and St. Paul’s dials, 
you observe, and some others in this list, considerably 
exceed the proportion of of ‘their height, and certainly 

do not look too large; and I have no difficulty in saying 
ibrt that is the least size which a public dial ought to 
be, except in some unusual positions where they can 
only be seen a very little way. • , 

An equal though not equally incurable mistake is 
often mad(f in the size of the fi^flres. People seem 
to fancy that you see what o’clock it is by reading 
the figures; as if any single figure which you see in 
a clock dial indicated the figure which you read 
off; except for the hour hand, and it is seldom that 
yoti do not know the time within an hour." You see 
the long hand pointing to VIII, and you say, 
*2<s minutes to something.^ Indeed fofthe hours as much 
as for the minute# everybody really judges from the 
position of the hand) and 12 large spots would do as 
well <or better than figures., I have a clock, and 
there is < another in* the Atheneeum club, with the 
gravity pseapement, purposdly made without any figures 
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at all round the principal dial, only 12 strong 
and I never found anybody who even observed the fact 
that the figures were absent until it was pointed $>ut to 
him, or complained of thdwant of* them then. But 
you may what harm do *Jarge figure* do ? They 
practically contract thfe size of the # iial, in two ways*; 
first by contracting the plain surface in themiiddle, over 
tfhicli the hands«are most distinctly seen ; and secondly, 
the larger the figures are, the Aore they run into oa Am 
other and^fill up the space of the figure ring itself, and 
m&ke it stiB more difficult to distinguish the place of 
the minute hand. I have come to the conclusion after 
various trials, that the figures and minutes together 
ought not to occupy above one third of the radius of 
the dial; the figures may be two thirds of that one 
third; and the minutes from half*to twefc thirds of . the 
remaining one ninth of the radiu#, with every fifth 
minute strongly marked *by a larger spot than the 
others. The Westminster dials might have been clearer 
considering their giWat size. Hhey are^not dflhy design, 
except that I gave the architect some suggestions for 
them, which are partly followed and partly not followed. 
They are unnecessarily confused with iron frame-york, 
and the clear space is unduly contracted by somfi broad 
rings sugpo«ed to be ornamental. • * 

The only colours that seem to answer fbr dials and 
hands are black # or dark l^e with gilt figures and 
hands, or some very light eglourod ground, such as 
white glass, with black hands and figures. Good gild- 
•ing^will last fifteen or .sixteen years, as at the, Royal 
Exchange, in the worst London atmosphere : the 
Mafylebone Vestry have tf>*re-gild their church clock 
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* every four or five years apparently. Gilt hands 
on a light ground are a complete failure. The external 
counterpoises, if there are any, should be painted the 
same colour as t t he ground of the dial, except where 
they are very short in proportion to the hands, as at 
Westminster, in finch case they cannot be mistaken at 
any distancf for tiic hands themselves, and practically 
increase their visible length. #. 

Thais m aTy be made of almost anything — stone, slate, 
plaster, brick,, iron, copper, and many old ones are 
of wood, which however is the worst of all/as it always 
shows the joints. In many cases the stone of the 
tower makes the best dial. Generally it requires paint- 
ing; but if it is such a stons and in such a position 
that it will keep nearly white, it will do very well with 
only the black figured *and minutes painted on it, and 
black hands, but by no means gilt ones. Dials on brick 
work must of course be painted. It is quite a mistake 
to suppose that a dial requires a verj smooth surface. 
Some* of mpst distinct I have ever seen are 
painted on rather rough stone work ; and brick will do 
as well, either all flat, or with the figure circle a raised 
ring of iron, or of any plaster that will stand. There 
are many dials of cast iron ; but I should never make 
more than the figure.ring of iron, unless there is a large 
hold in the wall which wants covering; and even then 
it is generally betier to fill it with glass, which has all 
the effect of a dark ground outside and is often con- 
venient within. Slate makes a good dial, hut if it is 
not painted, it becomes a pale grey colour. I believe 
6 feet diameter is the largest size that can be got in one 
piece, but the joints are almost invisible if well done. 
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Copper dials are tlie commonest of all, and up 4o a 
moderate size, probably tbe cheapest, except of course 
when tbe dial is simply painted on the trail. But /they 
tire generally made in the vefy worst form that could be 
invented, viz. convex : the effect of which'is that the. 
point of the minute hand i§ thrown* a 'long *way off 
the dial, and the parallax is so great that you cannot 
teft what it is pointing at, except when it is nearly ver- 
tical ; and moreover the convexity distorts the uppW"* 
half of the ^ial when seen from below, as » public dial 
always is. avoid these evils Mr. Yulliamy never 
used copper dials when he could help it„but flat ones, 
generally of slate, with the middle countersunk for the 
short hand to travel in, leaving the long hand to lie 
close also to the raised figure ring. And this is a very 
good form, for dials of anything but copper. 

Concave dials. It occurred to me a few years ago 
that all the oonveniende of t*he light copper dials might 
be got, with even more closeness of pointing than in a 
flat one, and with artnuch stiffness as th^ convexity 
gives, and with less distortjpn of appearance, simply by 
making them concave instead of convex. If you draw a. 
vertical section of a convex and a concave dial, and 
three lines of sight, from the top, the bottom, and the 
middle of q^ch, to a spectator in thefstreet, y%u will s$e 
at once that the convexity makes the upper half 
appear much smaller than *the lower, whereas m 
the concave one the two halves appear even more 
alike in size than in aflat dial; ancf the closeness of the 
h&nd.point is evident. Mr. Dent, and Mr. Potts of 
Pudsef near Leeds, a considerable* maker of* church 
clocks* in Yorkshire, immedfately adopted these, dials, 
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andhnany of them have now been made, and some old 
ones altered from convex to concave with great improve- 
ment in appearance and distinctness. The dials on the 
platform at Kin&’s Crogs Station, and the larger one 
.on the Railway Works *at Doncaster, were the first of 
this construction) and you may see from them how 
much better concave dials look than convex ones, apd 
how close $h$ s minute lymcl is to the figures. 

•“•Hands; "Large clock hands are so universally made 
of copper tlPat it is hardly worthwhile tp* notice any 
other construction. There is indeed — or w r as, a notable 
exception, in £>ir C. Barry’s famous gun-metal hands 
at Westminster, which is not likely to be repeated. 
The hands of the clock at ofd Doncaster church, which 
perished in the firc^of 1853, wcre °f mahogany, and 
■Wbod^Wy *#ell ; but I should think copper ones are 
lighter, even including tjic stalk or centre piece. 
Where they are very large, say* 5 jr 6 ffiet long, the 
best.form for them is that of the new minute hands at 
Westminsfer, a* tube of thin copper, whose section is 
two segments of a circle, with a few diaphragms at 
intervals of about 2 feet to keep them stiff. The 
strength of this construction is enormous, and it is also 
„ jjood for throwing off snow, which sometimes accumu- 
lates on Imnds with* broftd edges heavily enough to stop 
the clock. Smaller hands may he made quite strong 
eftough with a convex front and a ffat back, the section 
being an arc *aqcf i^s tshord, or even as a single flat 
piece of copper with the edges turned over square. A 
mere Yib or hollow bead raised along the middle of *a 
hand mtfkes it strotfg enough for all ordinaiy sizes, but 
I think it does not look well. ( Galvaifised * sheet-iron 
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hands have been tried, but the zinc peals off, and 
must be pronounced a failure. The minute hand ' 
should always be straight, and plain, with a bluat^h 
point. At the broadest parlf qr near the dial centre, it 
should be about -fo of its length, tapping to about half 
as much a .little way from th$ point >*T&e hofir hand 
shpuld be the same breadth, ending just jihort of the 
figures in a broad piece called a heart, of^ny shape 
you like. , 

There should always be some external dounterpoises 
to large hands, both for wind and weight. They 
should not be above £ the length of the long hand, and 
should be broad, but of a shape not to be confounded 
with the heart of the hour hand. The advantage of 
counterpoising the hands to some extent for the action 
of the wind is evident ; and the ot’her use of an extern^ *• 
counterpoise is to diminish the tendency of the hand 
either to twist the^arb&r, or what is more likely, to work 
itself loose and shake over from one side to the other 
every time it passes fhe vertical, as RSid sttys the old 
hand of St. Paul’s cathedral used to do, and as Sir 
C. Barry’s heavy hands did at Westminster to such 
an extent as to stop the clock. The only way to pre- 
vent this shake is to fit the hands on a tapered square^ 
or hexagon at the Cnd of the arbor, *and not % prismatic 
one. The latter may be called engineers’ fitting, and is 
perfectly right for ‘many purposes, but perfectly wrong 
for this, for which the old cloekmaber’s taper fitting 
alone will answer. It is found better not to put the 
holp counterpoise outside : from one third to on» h'alf 
is quite enough, leaving the remainder to befdone by 
adjustable counterpoises inside, which should he long 
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rather than short, as they then do the same work with 
less weight and friction on the arbor. 

^□nominated dials. Occasionally it is possible, as 
at the Horse-Guards east^dial, to illuminate a common 
white dial by reflection from a lamp on a roof projecting 
below it. This dnswers i^ell enough for dials to be seen 
a short distance only, in the few cases where it can be 
done. Where it cannot; the common way is to make 
iLc dial o! 1 glass, or all of it except the figures and the 
rings to connect them, which forms a solid, framework 
of cast iron.' The glass is ground behind, or painted, 
or covered with muslin stuck to it, and gas lamps are 
put behind it. But all these things have such a bad 
appearance by day that the* advantage of illumination 
is dearly purchased ( at that cost. Latterly however a 
”,hite glass has been* manufactured by Messrs. Chance 
of Birmingham, and perhaps by other makers, which 
forms a very good and always clfean white, dial by day 
(if left open for the rain to wash its' face) and a bright 
one "by night : the hands and figures must be black 
as with other white dials. JThis is not the glass used 
m the Westminster dials, which with the %\ tons of 
liaqds and counterpoises appear to have cost 5334/., 
hut a much cheaper kind, and as far as I can see, 
equally g^od. You may see it in Mr. D\-pt’s small 
dials of the clock by the Marble Arch, Hyde Park, and 
contrast it with some other very inferior ones in the 
clock at the south comer of the same park. 

There is another mode of illumination of which I 
cahnot give a very accurate account ; and it is yet so 
imperfect that I have not inquired particularly Aito it. 
It may possibly be improved into something Better. 
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The dial is of common glass, with (it seems) a btfck 
screen behind it, bat there are lights rather behind 
that, which can shine past the edges of the satrap 
through the dial, none of thefh throwing the light down- 
wards into the street ; so that4he dial generally looks, 
black, or at least, dark. Bu£ the fifjfhres are ground, 
and the hands also are said to be of ground glass, which 
partly refracts the*light in all ^directions; and therefore 
they appear light, and not dark* like the dial. A jULT 
more wonderful attempt is now being made at the 
Leeds town-lTall to get a dark illumination with metal 
hands, the architect pronouncing the white opal glass, 
which Mr. Dent was going to use, inconsistent with the 
design of his tower. TKe dials have already been 
curtailed to just half the proper a^ea, chiefly from the 
foolish determination to have them illuminated at aX . 


hazards, for which it appears that no greater opening 
than ii feet could sifely be made in the walls. It 
ought to be understood too, that a considerable part of 
the area of an illuminated dial*which ft too ^arge to be 
made of glass only, is necessarily lost by the iron 
framework, and therefore they ought to be, if anything^ 
larger than the standard size of i foot diameter for every 
io feet of height from the ground. 

The gasTlamps of illuminated dials are generally kept 
alight all day, turned down as low as they can be 
without going out! They arc •usually turned down in 
the morning and up at night by a^* hour wheel in the 
clock, which has pins screwed into its rim and taken out 
again from time to time by the man who takes care »f the 
dock. Sq long as any of ^he piits are in thfe position 
to hold up a Veighted levef connected with the gas 
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cock, it is turned down, and when the lever drops off it 
is turned up. In the Westminster and Leeds clocks 
t taro are three fan-shaped pieces on the 24 hour arbor, 
iralch can be opened out tb 18 hours or contracted to 6, 
and these site adjusted jfrom time to time .according to 
'the length ofiUnprination required. There was a clock 
in the Exhibition of 1851 with completely automatic or 
self-adjusting machinery for turning* gas off and on at 
proper time throughout the year; but I never 
hqard of it being used, and it is hardly wor(h the cost. 
Indeed there are very few dials which in my opinion 
are worth tjie original and the annual cost of illumi- 
nating them, which often exceeds the interest of the 
whole expense of the clock ‘itself, and always exceeds 
the annual charge for winding and regulating. 

--It is desirable fo have a wall, if possible, behind 
illuminated dials, oinstead of having them practically in 
the dock room ; partly because the wall may be made 
useful as a reflector, and so save gas, and also because 
it protectsnthe dock itself both from the variations of 
heat and from the watery vapour caused by burning 
the gas. It. must be remembered also that the counter- 
poises of the hands on glass dials must neither be long 
ones outside, nor immediately behind the glass inside, 
'or they wijl cast a shadow and be confounded with the 
hands at night. 

.■The construction of .the dial-work of large clocks 
-differs very little frem . that of small ones. The prin- 
cipal difference is that the ntimbers of the wheel- teeth 
are .differently distributed. .Instead of two equal 
60 min. wheels, there is a pinion on the minute-hand 
arbor which drives a wheel corresponding to the wheel 
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N in figs. 22, 27, 28, only moving slower] and Uti&t * 
wheel has a pinion on its arbor which drives the hour* 
hand wheel as in house clocks. If tt x are the numbers 
ef the Vhecls and p pi of th^pinions, they have only to 

ft * .• 

satisfy this condition, = it, bearing .in mind also. 

Ph , .* 

that, from their position, the radius of one wheel most 
bo*as much less than of the other as that of its pinion 
is greater. The larger wheel i 9 generally fut On tfcer = 
hour-hand ^arbor. The most convenient numbers are 
90 and 100 for the wheels, and 25, 30, for the pinions, 
or in smaller clocks 72, 80 and 20, 24. . 

The bevelled wheels leading from the clock to the 
dials ought to he of a good size, not less than 5 inches 
wide in small clocks, and 7 to 9 inches in large ones. 
They do not require to be very* strong, /is they havf 
only to move the hands; but the advantage of their being 
large is that, any given amtmnt of shake in the teeth 
allows less angular^notion of the hands. In the old way 
of fixing clocks on a .stool in ihe middle o&thc clock* 
room, which I have already shown to be the worst, there 
was generally a vertical rod from the clock running up 
the middle of the room, with 2 horizontal beveled 
wheels, one on the bottom worked by the clock, sCzfd the 
other at the top working 4 others leading to each dial?”” 
and in that case it is necessary that the bevelled wheels 
on the vertical rod*should be Jeprger than all the others, 
both the first one in the clock,, and ‘the* others leading 
off to the dials : otherwise the 4 ISading-off wheels will 
take into each other a; well as into the horizontal 
wheel; Where the vertical rod dees not lead into the 
middle of {he room this doeS not occur, but there must 
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tk&n be two nests' of 3 wheels each, if there axe 4 dials, 
besides the 2 wheels in the clock. I have seen several 
jx^rf wheels added, through a singular piece of igno- 
rance that it is not the feast necessary that tile rod 
which leadfi upwards should be vertical. J was rather 
'glad that it whs Necessary to put it very oblique in the 
Westminster clock as an example of such treatment. 
With bevelled wheels of <the common shape, intended 
lie at right angles'- to each other, the rod must of 
cqprse be in a vertical -plane parallel to, the clock 
wheels, but there can Seldom be any difficulty in that : 
jfetbere 8hopl<| be, the bevelled wheels have only to be 
«uCMor the proper angle. 

pWjfometimes oblique rods* are used with universal 
|ms at each end, and these will do well enough where 
♦he obliquity is not' very great, provided always the 
oblique rod lies between two parallel ones ,- otherwise 
the velocity is not uniform. But where 4he obliquity 
is great there is considerable resistance to the motion, 
and 'a rigid rod with the bevelled wheels upon it is 
always better. Nevertheless universal joints, or half 
universal joints, are properly used wherever a rod is 
either too long to do without several supports, or where 
there’u any risk of *there being an unequal strain upon 
a? in one ( direction,* or where bevelled wheels can be 
saved by a jointed rod with very slight deviation from 
obliquity. Turret clocks are generally made with the 
Hainute-hand on fhe internal dial turning the wrong 
jjiky round, to provide for the case of the external dial 
gtbos being able to go straight through the wall from 
the back t>f the dock, as it does when the clock dan be 
placed .immediately behind a single external dial. * 
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Sometimes tlie clock has to be placed a long way 
below the dials, 30 or 40 feet or more, and then it is 
necessary to provide both for 
'the weight and the want tff, 
stiffness of «uch a long lead- j 
ing-off rod; and this is best, 
done by a pair of friction 
plates and roller^ at the top.* 

The lower plate is set on the 
beams which carry the nests 
of bevelled wheels or motion 
work : on that lie three small 
flat cheese-shaped rollers on 
a horizontal tripod, with a'hole in it for the long rof| to 
go through quite loosely ; and the jither plate is fixed 
to the top of the rod, which is in fact hung by it, the 
rollers carrying the weight,,and with 60 sensible friction 
on their owh centres,* for the three-legged pivots have 
no weight upon them. This kind of suspension is also 
used for heavy weathercocks tikich work a wind-dial 
inside the house, or elsewhere, like that over Mr. Dent’s 
shop in the Strand ; and the ease with which a very 
heavy weight can be turned in that way is surprising. 

Weathercocks. As these are generally fixed bv~ 
clockmakors in such cases as those last mentioned, I 
may as well mention that a weathercock which is 
intended to answer steadily* to the wind, ought nbt 
only to be long in the vane aild t thm in the tail, but 
equipoised; and so far from the vane being perforated 
tor ornament, it should* be double, with the t#fl flat 
sides or vines spreading put at* a small angle from 
the axis. WRen the cock *works a dial it mast be 
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fixed to a rod working loosely in a tube, and the top 
of the tube covered with an inverted funnel on the 
rod ; Vs also the rods or wires which work the dock- 
hmamenpfecpdd & funnelled, with a short pipe soldered* 
to the leads, wherever they are pxposed to rain : other- 
wise the wires lead!' down the wet into the clock. And 
the weights and ropes should be enclosed in a case to 
keep them* from the r^uTand wind, if they are in ah 
exposed place. 


Ventilatio'n of dock-room. The clock-room at the 
Exchange was at first made with the object of keeping 
out the dust trad damp in every possible way : even the 
slits in the floor for the ropes had sliders to them; the 
cloak was enclosed in a glass case, the plate-glass cover 
originally placed over, the escapement being found not 
Enough to kdep it from the damp. When the clock 
was repaired, and some of ttye brass-work replaced with 
iron in 1854. (for a reason which 1 sljpll mention here- 
after), I suggested the removal ^f all this glass, and 
encouraging instead of 'preventing a draught through 
the room. This was done; and although the wet used 
tb stand in drops upon the clock before in damp 
weather, it has been perfectly dry ever since. The 
"-oame thing has been found in small clock-cases : they 
may easily* Jie too air tight. I do not mean ‘that there 
is any objection to endosing a clock in a case, and of 
course it is absolutely hficessary where the dock-room 
cannot be kept locked Against everybody but the man 
who has the care of it : only there should be a draught 
through the room, and the cato itself not too close to 
let air through it. t < . 
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TRAIN RBMONTOIRES. 4 

I have postponed this brAujh. of the subject^ill I. had 
gone through all the, more ordinary, ^ork of timet 
clocks. A train remontoire (differs In principle from a 
remontoire escapement (of which I have already treated) 
only to this extend : the small yeight or spiring which 
gives the impulse to the pendulum is not wound df at 
every beat, but at some longer intervals,* seldom more 
than half a minute ; or the remontoire work, yon may 
say, is put one step farther back, acting on the scape- 
wheel instead of on the pendulum. So that if a train 
remontoire of constant force and friction is made to act 
on a dead scapewhcel, the only, variation of force to 
which the pendulum is subject will be that arising from 
the pallet friction. In small clocks the variations of the 
pallet frictidn are, generally much greater than of the 
train friction, and therefore a remontoire would.be of 

* # • t 

little or no use ; but in large clocks with heavy wheels 
and large hands to drive, the contrary is the case ; and 
then accordingly, either a train remontoire or a remofl- 
toire escapement is of great use, provided they realty do 
what they^profess — which many ofthem.do not. 

The simplest form of traih remontoire feting by a 
weight is that described in Reid’s book, on the endless 
chain principle, winch* I havV already described for a 
going barrel at p. 150. The scapewhecl is not driven 
by the clock train, but it has a spiked pqjley on it 
which carries one loop *of the endless chaii^ and the 
othe^ is carried by a similar*pulley on an arbor driven 
by the train and turning A the same time as thd scape- 
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wheel. This yemontoire arbor' has a few long spikes 
sticking out from it, at different distances along the 
arbor,** and they are just long enough to reach the 
middle qf tljc scapewheel arbor, and can slip past it' 
through a nick, cut for the purppse whenevtj the nick 
comes into the ri|ht position, which it does once in 
every turn of the scapewheel; then the remontoire 
arbor turns and wind\ up the endless chain a little 
until the next spike falls against and is stopped by 
the' scapewheel arbor till its nick also presents itself 
and lets that spike slip through. There was a clock on 
this construction by Mr. Roberts of Manchester in the 
Exhibition of 1851, to which with great difficulty I 
persuaded the French members of the jury to concur in 
granting even a ‘prije medal;’ and I was rewarded 
by Mr. Roberts joining a party of equally disappointed 
and far more ignorant men in denouncing me for 
having prevented him and some others from receiving 
* council medals * of the highest order. 

Nevertheless that construction is far from satisfying 
all the conditions of a remontoire. The action of a 
chain cannot be made smooth and uniform, and a rope 
or Bering passing only half round a pulley is sure to slip 
ia time, and so the o remontoire would fail. Moreover 
Reid says tyat although the Edinburgh clockrwcnt very 
well for a time, yet it became necessary to remove the 
remontoire in consequents of th£ banging of the spikes 
against the scapewheel arbor; which however would be 
easily cured by a fly, and there was one in Mr. Roberts’s 
clock and in the French remohtoires which I shall oexi 

0 e v 

describe. There are three bevelled wheels S.T R ^rhich 
work together in the same Vay as I described for the 
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equation of time work at p. 148, except that they nave 
each an independent arbor as shown in fig. 37 (which 
comprehends something else to be described presently). 
The intermediate wheel R rides freely on its arbor, which 
has the rgmontoire weight £xed to it, hod which is* 
always falling except *at the moment When it is lifted 
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'by the clock, through the pinion t in fig. 37 ; and then 
the action is not taken off the scapewheel s or its 
bevelled wheel S, but rather increased, as the wheel S 
becomes the fulcrum on which it is suddenly lifted. A 
"Common whe'el on the ajbor of T drives a,, pinion on 
another arbor (not tin fig. 37) to which the two or three 
spikes are fixed which strike against the scapewheel 
arbor, and, a fly to moderate the velocity of the trail! 
whe,. the remontoire is let off, at every 20 or 30 
seconds. 

Continuous motion remontoire. In' connexion 
•with this I will .describe a remontoire exhibited in 1851 
by Messrs. Wagner, the great turret clockmakers of 
Paris, for the purpose of getting a continuous motion 
for telescope-driving clocks, or clocks to drive a barrel 
which times of observation may be recorded at less 
intervals than a second, with all the advantage of a 
vibrating instead of a revolving pelidulum. • The action 
for the vibrating pendulum which fs driven by the 
scapewheel** is ’exactly what I ‘just now described, 
except that there is no spilje wheel and no sudden 
letting off. Instead of that there is a large pulley on 
the arbor of the wheel T which lifts the remontoire arm 
C Y It W. This pulley drives a much smaller one on 
tEe. arbor qf a fly F‘F, which runs inside a 'jin drum 
without a bottom, which is hung over it by two wires 
W *W from the end of the remontoire' arm. C is a coun- 

4. 

terpoise to be adjusted < for the weight of the drum, so 
as not to let it preponderate too much. The fly is the 
thing which regulates the velocity of the clock train' 
' which is always moving ; the farther the drum fall^over 
it and cuts off the air within from the air outside," the 
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faster the fly will turn, and rice versfi. ; and things axe 
so adjusted that the continuous motion of the clock 
train driving the fly will just keep pace with the average 
* motion of the scape wheel* driving the* pendulum by 
beats as uanal. If the clock # falls behind the proper* 
speed the remontoire wheel pnd its a drum falls a little 
and lets the fly go quicker, and if too fash it rises and 
tfie velocity of the fly is diecked. The one in the 
Exhibition seemed to .go very steadily ; and* as them is 
nothing in all this at all difficult to ,make, I jam 
surprised that more complicated contrivances should be 
used for such purposes as I have mentiqned. 

The Royal Exchange dock was originally made with 
a gravity remontoire, thoftgh it was afterwards altered. 
Instead of bevelled wheels, Mr. Dent, with the approval 
of the Astronomer Royal, used ad tnfcma&wheel, i.e. one 
with teeth on the inside of the rim, instead of the out- 
side. Thab wheel D in fig! 38 had the letting off Bpikes 
on its outside j at! least a wheel on the same arbor had, 
which is the same thltag. It was driven bj»the centre 
wheel of the clock, and whenever it moved it lifted the 
remontoire arm and weight by means of the small 
wheel B lying between the internal teeth and the vgheel 
C on the arbor of the wheel F which drove the ’scape- 
wheel: tjiat arbor being of coftrse independent o£ 
though in the same line with the arbor of the wheel D 
and its pinion. The remontoire was let off at every«2o 
seconds ; which however is not so \jood an interval as 
30, because it is not easy to distinguish whether the 
•hands are pointing to 19 sec. before or 10 sec. after the 
half Ininute ; whereas it isjperfeCtly easy to see whether 
they are pointing to a mintfte or a half-minutq, if the 
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dial is properly made, as I hare already described. This 
facility for taking the exact time from the dial by the 
jumpoof the hands is one of the great advantages of a 



train remontoire. I was sorry to be obliged to give it 
np $t Westminster on account of the momentum of the 
hands, even without reference to the enormous addi- 
"Tional weight stuck 1 upon them by Sir C. Barry after 
the .pattern handc were shown to me. 

-There is yet another way of making a train remon- 
toire without resotting» either to bevelled or internal 
wheels. In fig. 39 E is the scapewheel, and e its pinion 
driven «by the remontoire wheel D which rides with its 
pinion d fixed to it on a stud in the remontoire -] ever 
A. P. .The centre wheel L 0 drives that pinion and a 
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smaller one g on a wheel which drives another pinioif 
/on the fly arbor, which has also the remontoire spikes 



Pig. 39. 
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( A B, attached to it. The numbers of the teeth are so 
arranged that the fly will turn once for each turn of the 
scapewheel, and the scapewheel^ arbor has only two 
notches in it, so as to let off t one remontoire spike every , 
* 30 seconds. Jt is evident*that the scapewheel is always 
cfriven by the* remontoire wheels and weight, and not 
affected by lie clock train? There were several French 
clocks of this construction in the Exhibition of 185% 
butjuost of them (if net all) had the fly driven by an 
endlesS screw^ which is objectionable because it involves 
an immense amount of friction, and in fact the motion 
of the train was so slow that you could hardly 
distinguish tlie jump of the hands. It is much better 
to diminish the blow on the scapewheel arbor by 
putting springs tfl the remontoire arms as in fig. 39, and 
^ leave the train to mflve with a good velocity so that the 
jump of the hands cannot be mistaken, as you may see 
at the Exchange, or the lar£e dials at King’s Cross, or 
the one over Mr. Dent’s shop in the Strand. 

Spring jremoatoire. t But it must be observed that 
all these gravity remontoires are still subject to the 
friction of the remontoire wheels themselves, which is 
not inconsiderable, although it is' much less and less 
variable than that of the clock train and hands. To 
~5toid this, it was long ago attempted to contrive a spiral 
spring remen toire. which would drive the scapewheel 
without any sensible frictio p n . One ofc these is described 
in Reid's article in<thc seventh edition of the Encyclo- 
pedia Britannica ; and another was invented by Mr. Airy 
some years ago, and two or three specimens of it were 
made by Mr. Dent. # They all went on the plan of 
connecting two wheels, or«d wheel and pinkm, on the 
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same arbor by a spiral spring, one being fixed to the* 
arbor and tbe other riding upon it; and the conse- 
quence was that tbe gcapewheel was always subject to 
the friction of the other w^eel set upon its arbor and 
pressed tight upon it by the rffetion of the spring, which ^ 
was probably worse than the* ordinary tfriction of the 
train. * • 

••This difficulty Jiowever maybe got over by a very 
simple contrivance which I instated in 184# and wjjpch 
is nowin action in various large clocks, anjl woulfi have 
been in many more but for its having been superseded 
by the cheaper and simpler gravity escapement already 
described (p. 125 to 139), which however has not the 
advantage of giving a visible motion to the hands at 
every half minute, unless it is combined with a train 
remontoire, as it easily may be. In ’fig. 4Q J(next page) E 
is the scapewheel and e its pinion, not fixed to the arbor 
of E nor ri^ng upon*it, bilt upon an independent stud 
k screwed to the <?lock frame. In front of the pinion a 
small bush is pinned tn to the # same stud, which dhrries 
the pivot of the scapewheel arbor, on which is set a 
large watch spring s , of which the outer end is held 
by a pin h screwed into a small plate fixed to the Ijont 
of the pinion, so that the pinion acts on the bcape- 
wheel by^the intervention of thi^ spring without any 
friction except that of the coils of the sprin| upon each 
other, if they touch at all. JJhe wheel D which drives 
that pinion also drives another on *the fty arbor /. If 
the scapewheel turns in a minute, there will be two 
•nicks across its arbor, # as in fig. 39, for the j^mon- 
toire* spikes or stopping springs to act upon. But 
if it turns in two minutifes, as the pin scapewheels 
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it, with two nicks across its face, not its side, one* 
'broad and shallow and the other deep and narrow; 
the remontoire springs set on the two arms of the 
•fly have corresponding shapes, so that one will pass 
through thp broad nick only and be skipped by the* 
narrow one, and the olher will passthrough the deep 
nick but be stopped by the shallow one. • The fly in 
this case makes half a turn* for every quarter turn of 
the scapewheel, and therefore its pinion must be«nly 
half the size of the scapewheel pinion. Jn very large 
clo’cks such *as the Exchange, in which the gravity 
remontoire was replaced by a spring ope*jn 1854, the 
fly is made separate from the remontoire arms, with a 
ratchett and click as usual to let it run on a little by its 
own momentum ; but in smaller ones it does very well 
to put the remontoire spring stops on thedly itself. 

This was the construction of Mr. Cent’s large clock 
in the 1854 Exhibition, ’now at King’s Cross, for 
which a medal oT the highest order was awarded to 
him unanimously by the Horological* J ury, ‘being pro- 
posed by one of the foreign members, and by the group 
of six mechanical juries, when 1 was not present, and 
by the Council of Chairmen, at which the proposer of 
that prize was present by special arrangement to support 
that awarjl, and to oppose me as to dome others on which 
the jury had been equally divided. I mention this 
because one at leaft of the disappointed candidates fora 
similar prize has several times published the impu- 
dent falsehood that I myself got that prize awarded 
for an invention of my />wn : as if moreover it*would 
have been of any use to me if 1 Had, seeing that 1 had 
takefl no patent for it, and Everybody was as free to 
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'adopt it as Mr. Dent. I see there is now in the Crystal 
Palace a clock on this construction by another maker. * 
Hie going of the Exchange clock was sensibly improved 
by the alteration of the grAyity to the spring remontoire, • 
'-though it had been unusually good before ; and both that 
and the ■ King’s Qposs clock have sometimes gone for 
two or three months together without any discoverable 
variation of rate; which <also proven by the way, that 
jewelled pallets and ft 2 sec. pendulum are an un- 
necessary expense with this arrangement of the train, for 
the King’s Cross clock has only a pin- wheel escapement, 
with steel, p (filets and sec. pendulum ; but of course 

the escapement must be kept clean and properly oiled. 

It may be supposed that the variation of the force of 
the spring in heat and cold will affect the escapement; 
*and so it would if tlie' spring acted directly on the pen- 
dulum like spring-pallets in a gravity escapement; but 
the effect of this variation of force when ti$nsmitted to 
the pendulum through the dead escapement is much too 
small to produce* any sensible effect either on the arc or 
the rate of the pendulum. The outer end of the spring 
should not be left loose on the single pin h, but there 
shopld either be two pins, one a little behind the other for 
the spring to pass over, or what is better, it should be 
firmly fixed in a slit 'in the pin. This prevents the coils 
from rubbing upon each other, and keeps the spring 
steady in its place. The , easiest way of adjusting it to 
smaller quantities 1 than one turn of the remontoire fly 
arbor to get the proper vibration of the pendulum, is 
by having the remontoire arms connected with the 
arbor by‘a square toothed ratchett and a deep upring 
click, which can be lifted out and the ratchett turned 
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so as to set up the spring to any required amount. 
The larger adjustments are made by simply turning the 
fly arbor once round or more with reference tu the 
scapewheel. * • 

If this kind of remontoire vfere used with the three-^ 
legged dead escapement (p. 10S), or yith’the detached 
one (p. 107), it should be let o?F at every half revolution 
of- the scapewheel. as in the .Exchange clock, and the 
pressure of the remontoire pins tipon it woifld be u§ry 
small indeed even in the largest clock* A 2 sqc. 
pendulum of >6 cwt., such as the Westminster one, 
might in that case be driven by a comjnon watch 
spring wound up a little on the scapewheel pinion, at 
every 10 seconds in the detached escapement, or every 
6 in the other.- I should like to have an opportunity 
of trjfcg that plan in a large cloelt. You cannot try 
different escapements satisfactorily in the same clock, 
for when von have once got to considerable accuracy, 
nothing but long (rial with the pendulum firmly hung 
in its own place is decisive : .mere trial in a clock 
factory subject to all kinds^ of disturbances will not do 
for accurate experiments. . 

Cast iron wheels. The success of this contrivance 
for cutting off the variations of force from the ’pen- 
dulum led* to another alteration which helped to re- 
duce the price of large clocks considerably f and that 
was the making all the wlieejp .below the escapement^ 
and all the dial wheels, of cast'irpn instead of brass or 
gun-metal.. Mr. Vulliamy had before recommended 
that as a good construction for cheap clocks, but it 
had always been thought that tlidy could not be also 
good tmes on account of tFitf greater friction 0/ the 
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' train. I believe that apprehension was very much 
exaggerated even for clocks of the common con- 
struction, provided of course the escapement is light 
and well made; but as sopn as you cut off the friction 

\oS the train' from affecting the" escapement it is obvious 
that cast iron wheels are just as good as brass or gun- 
metal. The clockmakers in general violently denounce 
it, probably for no better* reason than that it tend^ to 
loner their prices and has lowered them enormously, 
the price being now only 150?. for clocks of the same 
power and far greater accuracy than those for which 
500 1. used to jie charged not many years ago. 

The cast iron wheel controversy came to a head in 
some of the Lancashire papers soon after the making 
of the dock, from my design, for the Manchester Infir- 
mary; and *the advocates of brass wheels had^Riearly 
no case whatever* Their three points against cast iron 
were friction, rust, and liability to break. The friction 
of the train is absolutely immaterial with a remontoire, 
or a gravity eseapement, and no large clock can go 
with great accuracy without some such contrivance. 
The next objection is obvious nonsense, because all 
except the acting surfaces are painted, and they are of 
course oiled as in all other iron wheel machinery. 
The liability to bfeak is a mere question; of experi- 
ence. Mr: Dent has made the stiiking parts of nearly 
all his docks for sixteen years of c&t iron, and I never 
saw or heard of & toeth breaking yet, in either his or 
any other maker’s cast iron clocks. Of course bad 
castings will break in clocks ,or bells or anything else; 
but a ebekmaker #ho understands his business* can 
easily see whether a casting is bad <and can fretum 
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it. The people who talk in this way about iron wheels 
must be very ignorant of the extent to which cast 
iron wheels finer than are ever used in church clocks 
are used in every factory in Yorkshire and Lanca- 
shire. I made particular inquires lately as* to the sizes, 
down to which the teeth are cast in iron wheels for 
spinning machinery (for that is what I mean hy cast- 
irdn wheels), and Mound thair they are cast with quite 
sufficient accuracy with teeth as Small as inch thisk; 
which is smaller than any I have seen used in clocks, 
because there Is very little saving in cost in using iron 
wheels so small as that. The great saving of course is 
in the large wheels of the train, and the dial and 
bevelled wheels, of which la good many of the same 
pattern and no very fine pitch are required. I am glad 
to see* that to this extent iron wheels are gradually 
getting adopted by some other makers; especially I 
may mention Mr. Potts 0/ Pudsey, near Leeds, who 
has made many very good church clocks in Yorkshire, 
chiefiy on the construction and patterti which I liave 
described at fig. 29, only frith 2 sec. wooden pendu- 
lums, which do well enough for all hut first rate clocks, 
instead of the more expensive if sec. compensated 
pendulums. 

Before £ leave the cast iron wheels I should observe 
that they work better with cast iron pinions^than with 
steel ones : indeed bast iron and steel seem never te 
work well together, at least in no clock-work that I am 
acquainted with, if there is much pressure between 
them. I have seen cast .iron fly ratchetts used' with 
steeffeicks, by deckmakers who wobld not listen to the 
proposal of iroir wheels and {unions for any but the 
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commonest clocks, and Mr. Dent also tried them, but 
they had to be removed, and replaced either by wrought 
iron»or brass ones. It should be remembered also by 
people who thidk they must be getting a superior 
v article by ordering a /clock with gun-metal or brass 
wheels, 'that they have no security for the quality of 
either, as they vary much more and also more invisibly 
than cast iron. I have 'seen and heard of brass teeth 
worn, out in an almost incredibly short time, long 
before iron -would show any signs of wearing. And 
similarly with regard to the pinions, 'ordinary pur- 
chasers cannot tell the least whether they are properly 
shaped or properly hardened, or in short whether the 
clock is worth half the moiley they have to pay for it. 
Moreover few people have any idea how rapidly brass 
is affected and in fact destroyed by such an atmosphere 
as that of London and other large towns. I have 
several times seen the brass tube's which kad been used 
in dial work, and thin pieces of brass elsewhere, brought 
back to bli replaced with iron because they had become, 
as one may say, completely rotten in the course of a 
•few years. The small brass wheels of the Westminster 
clock and many others are painted, all but the teeth, 
instead of the absurd practice of polishing the surfaces 
to look smart for aTew months, and then decay. 

Mr: Vuiliamy denounced that folly of polishing non- 
acting surfaces in his pamphlet on '"public clocks thirty 
years ago ; but most -of the clockmakers still follow it, 
no doubt because it is a great deal easier to do and 
more* likely to captivate ignorant purchasers than 
taking dare that th£ escapement is scientifically Aide, 
and a number of other things attended to which make 



IRON OR BRASS WHEELS. ' 


0 f 

no show, but make all the real difference between a 
good -clock and a bad one. I suppose it may be said 
without exaggeration that there is no machine made 
{fad sold in England, perhaps no ‘article whatever 
in common yse, which sto few pf the purchasers know , 
how to judge of, and therefore in which imposition is 
so easy as turret clocks. In the great Aajority of 
places too there ave not even any reliable means of 
knowing whether the clock goes well or ilf I,h*ve 
known nearly all the clocks in Leeds for instance 
several minutds wrong, except the one at St. George’s 
church, which is a very good one, and whjeh. I knew to 
be right by a meridian instrument in the neighbour- 
hood, but of course it was *pronounced wrong by nine 
people out of ten. 

GRAVITY RSCAP1MENT CLOCKS. 

I have said at p. 125 to 139 all I have to say about 
the three-legged gravity* escapement itsdlf. I%ave now 
to explain the general construction and arrangement of 
large clocks with such an escapement. This elevation* 
of one (fig. 41, next page), of what is called at Mr. 
Dent’s the first size church clock, is rather different in 
arrangement from that given in the’former editions, as 
I have transposed some of the parts in order vo accom- 
modate the same pattern of» frame to all possible 
positions bf the clock. It is net # worth while to go 
through all the reasons for the alterations; it is enough 
to*say ( that they' are made .because some inconvenience 
‘has Seto actually found on # some ’occasion fr8m other 
positions of the Various parts ;* and if you alter this as 
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a general plan, you will probably find that you are in a 
difficulty either when the ropes have to go upwards, as 
they often have, or the dial-rod to go straight through 
from the back, or large flies tt> J>e used. 

The going* part is always made to go fq|l eight days, y 
and the numbers of the wheels*are 12a, 90, and*96, and 
of tjie pinions 10, 9, and 8, for a 1} sec. pendulum ; for 
a 1 1 sec. pendulufh the last ’wljeel arffl pinion are 90 
and 9. The hour pinion has 40 teeth in all cases.* The 
size .here drawn, a 13 in. great wheel, is large enough 
for any church dials in England. The second size clocks 
have an 1 1 inch wheel, which is quite large ’enough for 
four 6 ft. or 6| ft. dials. These clocks are really much 
stronger than, the old patterns with a larger wheel and 
smaller pinion to drive the dial-work* 

I have drawn the great pendulum cock of the height 
suitable for 9 inch pallets, .as they have hitherto been 
made; this drhwingjiaving been cut before we had made 
any clocks with the double scapewheel (fq*. 21) .and 
shorter pallets, which is manifestly the best construction. 
It involves no alteration frdin fig. 41 except making the 
pendulum cock shorter, which is of course no disadvan- 
tage. The pallet-pivots are themselves set in the pendu- 
lum cock, t\je arbors lying close on eaijh side of the spring. 
You must thke care to leave room for the fly clear the 
front of the cock or Jshe piece which comes over to carry 
the front pivots Of the pallet Srbors and there' is no 
difficulty in this, because the natural arrangement is 
for the fly to be in front of the scapewheel even when 
a it is single, and therefore of the pallets, whjph are of 
coursq in frant of the pendulpm top. The pendulum 
in these clocks is hung within instead of behind the 
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back bar of the frame to which the cock is bolted. 
Just in front of the pendulum is a much thinner bar 
attached at its ends to the large cross bars between the 
going and striking parts* This thin bar has only to 
'•carry the small cock far the fcick pivot cf the scape- 
wheel, ‘and the fiy and .pallets and scapewheel come 
between that thin bar and another stronger one about 
2 inches iri froift of it^ which carries the bushes for the 
bafcx pivots of all the going Wheels, except the scape* 
u&eel, whose front pivot is carried by another small 
cock set upon that bar with a bush or smaller cock of 
brass upon it a top of the shape proper for enabling the 
third wheel to drive that pinion; which any clockmaker 
of moderate ingenuity will easily plan for himself. 

All these clockr that I know of have had only i| 
second! zirite compensated pendulums with bobs of 
about 1$ cwt., except Westminster, which is 2 seconds 
and 6 cwt., and Leeds ij seconds t and cwt., which 
were so made because of the heavy dial works. There 
seems no doubt, froid the experience of Mr. Dent, 
Mr. Cooke of Buckingham® works, York, Mr. Joyce of 
'Whitchurch, and Messrs. Cope of Nottingham, the 
principal makers of these clocks (though I have heard 
of others whose works I have not seen), that they go 
decidedly ^better with these comparatively “short pen* 
dulums than the best dead escapement clocks with 
longer ones, unless thfe^ have also a train remontoire 
as described at p. 227! Nevertheless the usual rule will 
hold with this escapement as with others, that long 
pendulupis are better than short ones. 

The bevelled wheels arc put in any convenient place 
to clear all the rest. The construction' of this part of 
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the work is the same as explained already at p. 180. 
When the dial rod leads off backwards, of course no 
bevelled wheels are wanted. I have omitted for*dis- 
tmctness the regulating dialar^ich stands on the front 
of the frame.* There should be qpme half-minute marks 
painted on the third wheel, wljich turns in go Sbconds, 
to serve for a seconds dial to regulate the clock by. 

'the striking parts in fig. ^.i are those of a dock 
not going more than two or three days, and strjkihg 
the quarters on two bells, with none at thchour. The 
numbers of the wheels may be 96 and 90, with pinions 
of 12 and 10 for both striking parts ; «or *the second 
wheels may be rather larger, with 105 teeth, as they 
are at Doncaster church ; *in both cases turning two* 
thirds round for one blow of the harpmer or one chime 
of the quarters, as explained at p. 185. If the quarters 
are to be struck at the hour .you must* have about half 
as many mor(? cams^ and the second wheel must only 
turn half round for each chime. If the striking garts 
are to. go 7} days there must 'be from 20 tb 24 hour 
striking cams, in order to avoid an inconveniently large 
number of coils of rope on the barrel. For 20 cams* 
the teeth may be 100 and 90, with pinions of 10 aqd»9, 
the second^ wheel turning half round. Of courae 
these numbers are not essential, and any ^others in 
about the same proportions may be used according to 
the strength and size of the g£6at wheels. t The great 
striking wheds in these first sitq clocks are of cast 
iron i£ inch thick, with the cams of the same thickness 
cast with them; for very heavy hammers, say Above 
*40 lbs.* the «ams are faced with steel. TJie second suse 
docks have striking wheels of 14 or 15 inches* A 
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wheel of this size with 20 cams is strong enough for a 
20 lbs. hammer or a bell of 5 to 8 cwt. If it has only 
12 duns and winds up every two days, it will do for a 
much larger bell, of a tqn« weight or more. 

The Leeds town-hall,clock, 'yhich raises, the heaviest 
hammer in England after Westminster, has, like that, 
only 10 cams faced with steel ; the wheel is 22 in. 
wide and,. 2 in. thick. In other rbspects the clock is 
veiy ,like fig. 41, except that there are no quarters, the 
Corporation* having wisely determined to spend the 
money which merely common quarters and their bells 
would have oost, in an unusually large hour bell (see 
list of bells at the end of the book) and a clock capable 
of striking on it effectively, which is both far more 
useful and far more imposing in effect. It is a pity 
they allon6d themselves to be overruled by their 
architect in the* matter of the dials, which are a great 
failure. , " 

When there are quarter chimes on four bells, «the 
3rd and 4-th sets of caiiis (whicli should be the thickest) 
may be cast on opposite sides of the great wheel, and 
*the first and second cast in another pair, and then all 
b(fit$d together. In that case all the levers must be 
on one strong pin. The object of putting them as in 
fig. 41 foi^ two bells only is to make one set of cams Berve 
for both levers. I have only drawn a few of the notches 
in both thq locking-plsfc^s L L to avoid confusion. The 
quarter locking-plate* may be put on the great wheel 
arbor if you like, whenever the great wheel turns in 
somfe whole number of hours; but it makes the locking- 
plate rather inconveniently large, and therefore I have 
drawn them both as driven by pinions.* 
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All the other details of these clocks have been already 
explained under their different heads, or are evident 
enough from fig. 41 to anybody who, is likely to* want 
them ; and such persons will also perceive that I have 
omitted many lines in £he drawing to avoid confusing 
it. The only wheels in the whole fllock which it is at 
unnecessary to make of brass or gun-metal are the two 
which drive the 'escapement, $md their pinions are 
lanterns, which will be described hereafter. If anybody 
likes to have # the 2nd wheels of the striking parts' of 
brass driving lantern fly pinions, there is no objection 
to it ; but the great wheels I should prefer of cast iron 
with the cams cast on, even if th$re were nothing to be 
saved in the cost. 

I am sorry to have to add a word of caution re- 
specting the hands in which these — or* indeed any 
clocks of a new construction, are to be placed after they 
are made arfd fixc^l. I have been informed of several 
cases where they have beyond all doubt been wilfully 
damaged; and even without demonstrably # wilful da- 
mage any clock may be easily made to go ill. In two 
cases the train remontoire had been found destroyed 
and of course the clock declared to have failed* # In 
one of thjm (a clock of Mr, Dent's) Mr, Potts was 
engaged tb restore it by a gentleman in the^town, and 
the good going of # it was then restored immediately. 
It is one more advantage ot*the .gravity, escapement 
clocks that they require less careful handling, and are 
less liable to damage from mere carelessness than any 
others, besides being quite as easy, and cheap ^to ihake* 
I have never heard of any difficulty or failure in one of 
them, except in one or two cases from the escapement- 
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fly not being properly fixed at first, on which I have 
done my best to give clear instructions in the descrip- 
tion df the escapement. 

I will conclude this part of the book with a story 
'which illustrates the value of, public clock tenders 
better tfian any opinion Ir could express. A few years 
ago I was staying at a place in the north where they 
were going to put up a new church chock and had got 
a good many tenders for it varying from 60/. to 
100 guineas; all engaging, as usual, to supply every- 
thing of the ‘best/ I was asked to go to a meeting where 
the competitor were to attend, and help the church- 
wardens to elect a clockmaker. They were successively 
called in and I asked them a few questions as to their 
style of clockmaking. The first man that came in, after 
a few questions, begged to refer us to his foreman, who 
then took up the examination for him; nevertheless 1 
had to pronounce them both decidedly ‘‘plucked’— a 
word more generally understood now than it was a few 
years ago.* 1 Then came' one whom I have several times 
mentioned, Mr. Potts, of whom I then kuew nothing, 
* but whose answers satisfied me that the job might 
safbly be given to him if no better man came; and 
n6ne did come, for ‘ the rest they ran away,’ whcn they 
learnt wh^t was going on, and that for ox.ee neither 
the lowest tender nor the most flaming promises were 
going to be accepted. 1 r *The fact was that the low- 
priced clocks would ha!ve been dearer than the highest; 
and I was glad to find afterwards that that affair set 
a fashion for good clocks in the district and for many 
miles round, where but for that accidental ‘compe- 
titive ^examination ’ by an examiner of some experience 
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at any rate, there wofildftvery likely not have been 
one public clock capable of going any -better than a 5 /. 
railway dial. 

• » . • 

CONSTRUCTION OF THE WESTMINSTER CLOCK. 

9 

Jhe frontispiece of this book is a front elevation of 
this great clock, o^so much o\ i$ as can be, shown in 
one view without confusion, for which purpose I* iiave 
drawn tlie.whcels and pinions only as circles. As J I 
have, inserted the numbers of the teeth, and the size of 
all the parts may he taken from the scaled I shall say 
no more of that, than that the frame is 1 5^ feet long 
and 4 feet 7 inches wide. The going part does not 
occupy above 2 feet of this width, the front bushes of 
the wheels being carried on a separate frame-bar lying 
on the two cross pieces of which the ends are shown in 
the drawing ‘bolted, to the great back and front girders. 
The space between the front of the going part- and 
of the great frame happens tef be convenient for the 
fall of the ropes from a dcftiblc-barrellcd crab (fig. 42), 
which is fixed upon the iron beams BB which g<J 
across the room from east to west to carry the * motion 
work J or pests of bevelled wheels above the clock, of 
which the® first pair are shown in the drawing. This 
crab is the only ip cans of getting anything into the 
clock room which is too hcav/*1?o be t carried by a man 
up the stairs. It consists of two* small equal barrels 
with four pulley grooves in each, each having an equal* 
wheel at the end turned by equal pjnions on th<? whiding 
arbor? ove» the page is an* elevation of it The rope 
passes over the outer halves of the two barrels 4 times, 
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one end falling down the clock shaft or well for thc^ 
weights, as the other rises ; and it can either he nsed 
with a single rope, or a double one 'through a pulley 
'attached to the thing to be Jifted, so *as to double the 
power. I find it is not* a new invention in principle, 
though I believe it is in arrangement; but whether new 
or not, it is certainly very little known, and it is so con- 
venient and so much lighter and smaller than a common 
crab with its long barrel and Heavy wheel *and %me, 
and a rope coiled many times round, pasting poyej? 
at every fresh lap-over, that I am surprised it is not in 
common use. The pall P is in effect a silent click to 
hold the rope- when the handle H is let go. It will 
turn over on the horizontal pillar at the top of the crab, 
to act the opposite way when the barrels are worked 
the other way. * 

The back of the clock frame is 2 feet 5 inches from 
the west wail of the foom, which is the east wall of the 
ventilating chimney or air-shaft of the Houses of Par- 
liament running all the way up the tower. • The" room 
is 28 feet by 18, and the clock lies, as shown in the 
drawing, on the north and south walls of the shaft pr 
well for the weights, which is 174 feet^high, and^ the 
floor of the room is 2 \ feet below the top of two iron 
plates wlwch cover the w r alls and Are spread out behind 
and built in quite through the wall of the sirshaft, so as 
to prevent any possibility of endway motion of the clgck 
frame, which is bolted to the .piaffes. The pendulum 
cock is a large piece of iron frame work cast in one 
■ piepe and also built in through the wall, quite indepen- 
dent of the clock frame. The* pendulum chamber is 
made of sheefriron within the weight shaft, in order to 
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1 protect the pendulum from the wind : you can descend 
into it by a ladder and a trap-door ; which can seldom 
be wanted, as there is a degree plate set on the floor 
under the clock] tfhich is ajiittle lower than the general 
floor of the room, and is ft covered with a grating lying 
on the beams which carry the returned end of the 
ropes. • 

Regulation. Here also 1 is the apparatus for altering 
the clock by any quantity less than 4 seconds or 2 beats 
of the pendulum, for which various plans were pro- 
posed in the earlier discussions about the clock. There 
is a collar fixed <( on the pendulum 4 feet 10 inches from 
the top, to carry the small regulating weights described 
at page 65, i^oz. there being'equivalent to 1 sec. a day. 
There is also another large one of about 6 lbs., which 
fits loosely round the rod except at one side, so that it 
can be lifted off if the clock is a little too fast this 
weight is carefully taken off, while they wifld the clock 
up, until it has lost the requisite quantity, about a 
second in ^quarter of an hour, afid then it is put on 
again. If it is too slow it may be either be accelerated 
by laying on another similar weight which is kept in 
the jjoom, or lje first put on 4 seconds by lifting the 
pallets to let it trip one beat, and then made the 1 or 
2 seconds slower by taking off the weight which lies 
on the pendulum*; whereas you cannot put a dead 
escapement forward at alienor back without some risk 
of injuring tKe teeth. * * 

The pendulum weighs 685 lbs. altogether, which I 
sttppo^p is much the heaviest in the world. Its qpn- 
struction ft shown at* page $ 6 . From the ip p of the 
spring to the bottom of \he bob and 'compensation 
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tubes is> 4 'i4 feet 5 in. The zinc tube is 10 feet 5 in.# 
it is ma^fe of 3 tubes put within each other and then 
all drawn , together, and is nearly ¥ inch thicl^. In 
•other respects the construction is that described at 
page 56. yhe pendulum spring is only inch thick, 
3 inches wide and 5 inches fong between tfie chops. 
The great pin through the upper chops has nuts on its 
eiids to adjust i t to the centre between the pallet 
arbors. The pendulum cock and the position o£ the 
clock floor are so arranged that a man 6 feet high may 
just stand Upright with his head inside the cock so 
as to look square at the action of the ^escapement; 
which is, or will be when it is completed, for the clock- 
makers were Mocked oat* by the Board of Works 
before it was finished, on the cracking of the great 
bell— ’ # 

The double three-legged gravity escapement 
described at page 134. The scape wheel teeth are 
5 in. long and th*e length of the pallets down to the 
stops is 10 J inches ; 4 he teeth of the twe^wheds not 
being set quite hexagonal or equidistant, for a mere 
local reason not worth explaining. The pressure on 
the stops is only about 4 oz. The pressure on the 
pallets from an ordinary dead escapement wheel of 30 
teeth wojdd have been above 4. pounds; and if the clock 
had been made on the rival plan, which Mr. Vulliamy 
and the Company of Clock^ekers tried to force upon 
4 he Government, with a 7 -inch wheel df 60 pins, it 
would have come down upon tfie pallets with a thump 
• of half a stone ; and tjie pendulum would have had to 
make its way under the frictioif due to that enormous 
weight pressing on the* pallets through the whole 
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calibration, instead of the insignificant friction due to 4 
ounces acting only at the moment of unlocking ; which 
is moreover so tnuch relieved by the sloping of the 
stops, that I could find no difference in the experimental 
weight required to lift the pallets whether the scape- 
wheel was bearing on them or* not. I found that in 
either case .they only required an ounce falling ’9 inch 
at every beat to lift them, /which is nqt quite equivalent 
to lbs. df the 2 J cwto (including the pulley) which is 
the going weight of the clock, or about ^ of the whole. 
In other words, if the pendulum had a pair-of horizontal 
arms only 9^ inches long standing out from its top, an 
ounce weight laid on the end of each arm alternately 
at the beginning of every vibration and knocked off at 
the end, would be enough to keep it swinging 2° 40' 
against the resistance of the air and such friction as 
there is in this escspement. The fly is nearly 1 1 inches 
long in each vane and nearly 2 in.* wide: it is set on the 
arbor by what may be called a silent ‘ratchet, or a steel- 
faced 'rollei; with stiff springs bearing endways against 
it, but obliquely, so that the^fly can run forwards, but 
not backwards. It is almost impossible to make the 
escapement trip by any force you can apply to it by 
hana. Hitherto it has been going with the four-legged 
scape wheel (page 137*), but the double three-^pgged in 
the Leeds (dock isr clearly better, and is ready to be 
put in. * , 

Maintaining power.. The going part of this clocJi 
takes about 20 minutes to wind up, and therefore none 
of the common maintaining powers would do. A bolt • 
and shuttei (see p. 153) might indeed have been made 
to lift higher than usual andT so keep in action longer ; 
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but then it would have to be very heavy, and moreover 
there was the risk of the man being interrupted while 
winding, or stopping to rest, and so letting it run out 
of gear or stick fast. Mr. 4 ^ bad pYoposed a modifi- 
cation of his Northumberland telescope apparatus, 
which I have already mentioned as having been used in 
the Exchange clock ; but that is also liable* to run out 
of gear, and is open to other objections ; and so the 
following much simpler plan w£s adopted, x^ith hi$ full 
approval as soon as I suggested it. The Jjarrel in $ny 
case would re*quire an auxiliary pinion to wind it, taring 
into a wheel on the end of the barrel itself, close to the 
great wheel ; and the only addition is, that the back end 
of the winding arbor runts in a loose bar, which hangs 
obliquely from the back pivot of the barrel (as shown 
in the drawing), and has a click on it which acts 
upwards in a set of ratchet teeth oast on the back of 
the great wheel. When the clock is going and not 
winding, these ratchet teeth pass under the click, just 
as in Harrison's going ratchet, (page a 51) ; iut as soon 
as you begin to wind they, stop the click and theAar 
from rising as it tries to do, and the great wheel itsqlf 
thus becomes the 'fulcrum for the winding up # o£the 
barrel, and so the clock weight is for the time trans- 
ferred to She great wheel. • 

The winding arbor fits loosely in both •the bushes, 
because the-back j?ivot and iteJmsh in the bar gradually 
move a little upwards as the great wheel turns, while 
the front one of course remains fixed in the clock- 
‘fraipe. When it has moved as far as it was taught 
prudent tq let it go, a long tootli on the winding arbor 
catches againSt a stop in thfe back frame, and the man 



WESTMINSTER CLOCK. 


2 5 ? 

Cannot wind any farther without turning the handle 
back a little to allow the bar to drop and the click to 
take up another mouthful of the ratchet teeth. The 
* unusual length of the winding arbor, 4 ft. 2 in., makes 
this sideway motion insigpificatft ; for 10 minutes' motion 
of the great wheel : if the frame was narrower it could 
still be used*, taking care to put the stop so as to prevent 
. too much oblique action. Very few clocks take as much 
as 5 •minutes to wind up’ the going part. If you take the 
trouble to calculate the pressure, you will find that 
there is rather more force on the clock in winding than 
usual; which however is of no consequence. If the 
winding pinion were larger in proportion to the wheel 
the difference would be greater ; but it might always 
be equalised by hanging a weight on the loose bar, just 
enough to counterpoise the difference. The winding 
pinion pulls out of gear wifh the wheel in the usual 
way. * * , 

The dials are 22 £ ft. in diameter, or very nearly 400 
ft. in area,und aife made of cast-iron frame work filled 
wift a very expensive kind of opal glass, which appears 
to me no better than some much cheaper glass of the 
same qplour which is used in other clocks of Mr. Dent's. 
The dials and the hands together appear to have cost 
no less than 5334Z., which is about 2000/. more than 
the whole dost of the clock and all the striking work 
up in the bell chamber: 1 1 shall have more to say of 
this in the Listory 0 of the clock. The minute spaces 
are a foot square, and the figures 2 feet long. The 
dials would have been clearer, and the hands more 
visible upon them, if the framework rings beyond' the 
minutes and the figures liad been omitted, as they 
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. ’ * * 
diminish the clear space in the middle of the dial b f 
about one third of its area. The dials stand 5 feet from 
a whited wall which is the main wall of the clocH room 
* and clock-tower, and in front of which the gas lights for 
illuminatiop are to be. » I have nothing to do with this 
part of the business, beyond *provi<|ing that* the clock 
shall be able to light up and turn down the gas if 
Required, in the *vay described at page 214. It is in-, 
tended to have two sets of gtis jets : one? only^mall 
ones, to set light to the others, which will be turned 
completely Off in the morning by the clock, but the 
3mall ones only turned down low. The^e is nothing 
peculiar in the dial-work except its size, which may be 
judged of from the drawing of the clock and fig. 42, and 
the fact that the minute wheel arbor is 8 feet long and 
3a inches thick ; it is of course tubular* except at the 
ends. The dial centres are exactly 6 feqt above the top 
of the walls, or 180 feet from the ground. 

Hands. The W nu te hands, as now made by Mr. 
Dent from my design* are thiij copper tube^of a Section 
formed by two segment. of circles, with a few «dia- 
phragms soldered in, set on a gun-metal stalk or central 
piece, which also ’forms a partial counterpoise both for 
wind and weight outside, there being another of cast 
iron in$de the clock room, to divide the pressure 
between the two ends of the arbor. This# copper tube, 
or pointing part <Jf each miuujie hand, only weighs about 
28 lbs., though they are gj in. vride nC&r the centre, 
running off to 5^ in. at the end ; the gun-metal stalk of 
each hand weighs very, nearly 1 cwt. ; but the .whole of 
that weight is near the centre} and so its* moment of 
indrtia at each beat of tbe? pendulum affects the clock 
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very much less than if even the same weight were dis- 
tributed all along the hand. The length of each hand 
and 4s external counterpoise is 14 feet ; and the total 
weight of each hand with its external and internal 1 
counterpoises is now within 2 cwt., wheyeas Sir C. 
Barry's 4,raintite handstand counterpoises (of which I 
shall have to speak in the 'history of the clock) weighed 
a ton and a quarter. HisJiour hands are still there ; 
for though Very bad in 'construction and three times as 
heavy asjheyneedbe, their^motion is so slow that they 
do not sensibly affect the clock as the minute hands 
did, and so they may as well stay until they become 
unsafe. One of them has cracked already and had to 
be taken off. The hour hand* arbor is a tube 5^ inches 
wide, and lies on large friction rollers both behind the 
dial and withip the clock room. It was easy enough to 
put the clock room end of the minute hand arbor on 
friction rollers too, as it of course ' projects beyond the 
other; but at the other end it is managed by setting 
the pilots qf 4 smaller rollers in a^pair of rings screwed 
outside the hour hand tube, .find cutting holes in that 
for the rollers to go through and reach the minute 
arbor, so that those rollers move in a 12 hour orbit of 
their own, besides the pair in action for the time turn- 
ing on their own pivots. !, 

Quarters.*- There is nothing very peculiar in the 
striking of the quarters. ,The positiod of the levers and 
cams is evident frotn the picture. The wires go up 
.alternately on opposite sides of the winding-wheel arbor 
to prevent their fouling each othpr ; and the 4th bell ^as 
two hammers because there is one place (as^you taay 
see at page 191) where the blow is repeated too rapidly 
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for a heavy hammer to fall and be lifted again by two* 
successive cams, which would also have to be very short, 
with a great strain upon them and the levers. • The 
hammers are all nearly ^ <jf the weight of their bells, 
which I am satisfied, both from experience and authority 
of books, is the proper proportion foiv bells onTthis scale 
of thickness, which is that of the smaller Jmd thicker 
bells of church peals, as I shall explain more fully after- 
wards. The levers are all 191 in. long, and tlieir centre 
is nearly 36 in. from that of the wheel. Jhe cams are 
of wrought ifon with hard steel faces, screwed on J,o a 
cast iron barrel which is bolted to the gjeat wheel, and 
they are constructed on the circular section which I 
shall describe for cams *under the Teeth of wheels . 
Between the clock and the bell chamber there is 

a 

another low room in which the cranks ane, for leading 
off from the vertical wires to the 4 quarter bells. These 
wires are in*fact wire Tropes : I had them substituted for 
the iron rods which were at first used both in the 
quarters and the hour* striking parts* and thereby got 
rid of an amount of concussion and noise in striking, 
which sounded as if the clock was shaking to pieces. 
Now the action in # the clock room is so silent that you 
hear nothing except the bells and the passing of the 
click which stops the train from running back .in 
winding. • • 

Hour-Striking £art. Th® great striking- wheel has 
10 cams 2 \ in. wide cast upon it and these have steel 
faces screwed on to them. The lever has a thick part 
in the plane of the cams and ~a longer and thinner 
piece*lying # behind the wheel an<f having the hammer 
rope* attached to it, or rathe! a short rod with a .swivel 
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v< and nut to take up the rope. The rope is half an inch 
thick, the same as is used for the striking weights, and 
is about 25 feet long and reaches up to the horizontal 
arm of the great hammer lever, which projects 5 ft. 4 
in. from the pivots, which are, forged as part of the 
collar in Which the great bell hangs (see page 198). The 
hammer shank is also double, going through 2 holes in 
the cast iron head, which weighs near>7 cwt. and is lifted 
13 in. from the bell, or about 9 in. vertically. There is 
an- iron plate screwed to the hammer shank, which falls 
on india rubber buffers 5 in. thick, carried by a kind of 
long stirrup bung from the bell frame. The other 
hammers are prevented in the same way from jarring 
on the bells. The constnfction of the bell frame, 
which is entirely different from the usual form of 
frame for swinging bells, made it impossible to fix the 
hammers or the buffers in, any other way: not that 
there is any objection to this, except that it is more 
expensive, and the hammer shank is farther from being 
horizontal 1 • * 

The second wheel tums-§«round for each blow, as I 
explained that it might at page 185, and the third wheel 
and fly make 4 turns for each blow. The fly arbors 
are placed vertically in order to get room for the flies, 
w|iich have to be put near the top of the room. The 
vanes of the hour fly* are each 2 ft. 4 in. square and 
extend 3 ft. from the arbor : the quarter ones are rather 
larger. To prevent all risk of accident, the ratchets 
are not pinned but ‘ squared ’ on the arbors under the 
flies themselves with an octagonal fitting, and each fly 
has two clicks. The stops are set on ..springs to 
diminish the blow at stopping, and th6 striking work 
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is stopped on the lift, both for accuracy of discharging* 
and for diminishing the constant strain on the wheels 
and arbors. Each striking weight is # nearly a toA and 
a half; and you may obsenvq that each of the three 
parts is so arranged that* the T^eight hangs between the 
arbor of the great wheel and* the teeth or cams which 
haye the heavy work to do, so as to reduce the pressure 
and friction on thfi arbors asTnuch as possible. If this 
striking part had been made as they often- are, # and 
lifting by pins instead of cams, the weight would very 
likely have had to be 3 tons, or more than a man oould 
wind up in a day. • * 

The mode of letting off the hour-striking is peculiar. 
It was one of the original conditions, that the first blow 
of the hour should always be struck within a second of 
the real time ; and in order to do this it %as not suffi- 
cient that the clock should, go far more accurately than 
usual, but tSere must also be the means of making the 
hammer fall exactly when the clock reaches the # 60th 
second of the last minute of the hour. FiAt then it 
was necessary to leave it # on the lift and nearly ready 
to fall as soon as the striking part is discharged ; and 
secondly, to have some more sudden and precise means 
of discharging it than the slow motion of a snail turning 
in an hour. It was at first intended to do it by the 
train remontoire described at page 228, with which the 
clock was made ; but whe4 St became expedient to 
remove this on account of the Si zp and momentum of 
the hands after the dials were altered, it was also 
necessary to contrive some other % plan for discharging 
the Striking part with equal accuracy : and this is it. 
P Q is the ordinary discharging lever lifted by the snail 
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on the hour arbor, P being the first stop against which 
the arm EFon, the third wheel of the striking train 
is stopped when it has done striking.* The second or 
warning stop D is not op P Q, but on a short indepen- 
dent lever CD. B A S js another lever set- on pivots A 
on the cross bar of the great frame, and its heavy end 



S is lifted and dropped by $ snail on the 15-minute 
i^heel of the escapement ; when it drops it tips up the 
secpnd stop lever C D, not merely by dead weight, but 
with a blow, which is certain to overcome any friction 
much greater than there can be between th^two stop- 
ping pieces Of course the lever*BAS drops every 
quarter of an hour ; but* i^ does nothing to the striking 
part except when the stopping piece is resting against 

* This lever, and several others, are omitted in the elevation of the 
clock (frontispiece), as they could not be shown without confusion ; and as 
the snails are 1 all shown, any intelligent reader will understand wha*e the 
discharging levers must be : there ( ; s an intermediate one from the quarter 
snails to the quarter locking lever. 
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the second stop, i.e. when the clock has given warning * 
for the hour. It is let off at the 58th second, or#the 
last beat but one of the pendulum in the hour, and the 
frain just gets far enough intp motion to let the hammer 
fall as the seconds hand makes its last jump for the 
hour, and it acts with the gteifest precision. • 

This precision in letting off the hour-striking made 
th£ want of it disagreeably apparent in the quarters, 
which were at first discharged* in the usual way by a 
snail on the hour arbor w]iich leads ofl* to the dial 
work; and wfi had to put a larger snail for them a 
separate arbor under the escapement wheels, free from 
the shake of the hands and dial work; this answers 
very well and there is iJever more than 2 seconds 
difference now (if so much) in the time of discharging 
the quarters. The 1st, 2nd, and 3rd quarters all begin 
to strike at those times ^respectively ; but the 4th 
quarter is lefr off about 20 seconds before the hour, so 
that it may have done striking before the hour begins 
at the real time. • - • * • » 

Winding. When the kst edition of this book was 
written it seemed likely that the clock would require so 
much power to wind it that it would be worth while to 
apply some hydraulic apparatus, and I there suggested 
what seems to me the cheapest possible form of it. 
The fortunate cracking of the first bell however delivered 
us from that difficulty*-* It wa* cast by mistake so thick 
in the waist that it required a Jiammdr of nearly 14 cwt. 
raised 14 inches to bring out the sound. The second 
Bell only required a hammer of half that weighs and 
the winding of the striking part*by hand is how quite 
easy hnd can bfe done by a fnan in considerably less 
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f than a common day's work, and so all the cost of the 

hydraulic apparatus is saved, which I have no doubt 

would have been 1000Z. at least, to say nothing of its 

being certain to get ou£ of order sometimes. Thfe 

third great bell must be made from the ^me pattern 

as the present on?, to make sure of the same note, and 

as we may* hope it will be cast soundly at last, it will 

not at any rate require *a heavier® hammer than 'the 

present ohe. Nevertheless if such a job had to be 

done again ^which is very jmlikely) and if the architect 

wei^ not again permitted to construct the clock tower 

without any communication with the persons who were 

either to make or to superintend the making of the 

clock, it would be well worth while and perfectly easy 

to make provision for driving the striking parts directly 

by water ; Lmean not by a cast iron weight wound up 

from time to timeby a hydraulic apparatus, which would 

be sure to get out of order sofnetimes, $mt by water 

alone running into buckets over *an endless chain.* 

Here it was impossible; for (as you may see by the 

picture of the clock) it was .only with difficulty, and by 

making the striking wheels and going wheels overlap 

each other, that the bare ropes coulcl be made to fall on 

the proper side of the barrels, within the width of the 

clock-shaft from nofrth to south; and it is .Very little 

consolation that it is 2 feet too fide the other way, 

* 

« C 

.. * I wonder it never ^occurs fo the persons who suggest all sorts of 

ingenious plans for winding # thfr clock by the tide, or the wind, or by 
people walking over a sort of weighing machine on Westminster bridge, &c., 
that any such contrivance would cost far more than the capital represented 
by the* annual cost of winding the clock by hand, to say nothing of the „ 
additional cost of repairs, and the c^tainty of the thing &emetime$ getting 
out of order and leaving the clocVWpless. r ■ * 
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while the adjacent air-shaft wasr nearly as much too # 
narrow for the width of a bell of the weight which was 
fixe<Lupon before the tower was built. 

* The striking parts are mad# \o go only 4 days, though 
it had been .originally specified that the clock was to 
go a week; but I found tlijjit no rfnan cohld wind 
either of them up in a day if they went a week ; and 
imparts of two dava were to be spent in winding, it was 
in every way better for the cfock and easier foiwthe 
winder to divide the week, instead of making the clock 
go for 5 days and wind for 2. Mr. Whitehurst pro- 
posed the same arrangement in 1847 : fr e under- 
stand something of the work to be done in striking a 
14 ton bell: Mr. Vulliam^ evidently did not, and his 
proposed striking part was altogether absurd. In that 
competition Mr. Dent was actually nev^r told what 
weight the bell .was to be, apd understood or assumed 
that it was to be j or 8 tons, which weight was men- 
tioned in the first correspondence on the subject. The 
going ps\rt of the clocks wiH go for iriore than 8 days 
without winding ; it is prudent to make that part go a 
day longer than the striking parts in all public clocks* 
so that if the man forgets the day of winding, the 
clock may not completely stop, but may proclaim his 
negligence# by silenc^ 

Winding stops. ^Another peculiarity arising from 
the great size of the clock an^ <ts w eights is the neces- 
sity for stopping the winder wiefi§ver the clock has to 
strike ; and I thought it safest to do this by absolutely 
pulling him up, and not# to trust merely to a ndise or 
some Such yarning. In ea$h striking part a long lever 
(omitted in th£ frontispiece to avoid confusion) stands 
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in the way of a tooth or arm on the winding arbor : 
when the man begins to wind he must lift this lever up 
on to a certain hook which will hold it up so long as 
the weight of the levey rests upon it ; but when the 
weight is relieved the hook fells back : this is done by 
the snail'a few minutes^bfefore the clock is going to 
strike, and just a minute before it strikes the snail lets 
the lever drop again, and' the hook f being then out %f 
therway, it drops completely and stops the winder; 
and the man then throw? the winding-wheels out of 
gear. 

This throwing out of gear is also done by a new 
method: the first pivot of the second (150) winding- 
wheel arbor is set in an eccentric bush, which can be 
turned in its own holes by a lever with a handle to it, 
as you see in the drawing, and the eccentricity is just 
enough to take fhe teeth ,of that pinion out of gear 
with the great winding wheel, leaving the^nd wheel in 
gear with the winding-pinion (14). Besides this the 
ropes th( 55 mselve% stop the 1 wiBder when thq weights 
are wound up to the top,hy throwing another lever 
off a hook on which it has to be set before the man 
can begin winding. In all these winding and main- 
taining power contrivances there are some further 
provisions for enabling the maiwto turn the winder 
back a littie, to lei? the barrel ratchets down softly on 
to their clicks, but it is^iardly worth while to describe 
them. f c 

Provision is made in the clock for reporting its own 
rate df going to the Greenwich observatory at any ( con- 
venient hour or hours eve^y day, by electric telegraph, 
as I fcave already described under * electrical clocks 3 at 
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p. 159; whether the Government will incur the expense* 
of laying the wires to one of the telegraph stations in 
London, I do not know. Of course anybody can test 
the going for himself — as soei\ as the clock strike* the 
hours again; by listening to it while he looks at the 
timeball in the Strand at *i 7 o' clock, allowing for the 
velocity of the sound, which is about 4^ seconds to a 
mile ; and perhaps that is sdfficient without the other 
electrical connection. The history of thi3 clock and its 
beijs is remarkable enough to be worth preserving on 
several accounts, but it will be more convenient to 
finish all I have to say on the mechanics of horology 
first, and therefore I proceed to another subject the 
understanding of which is essential to a clockmaker, 
though not peculiar to his art. , 

-* 

■ 

« * TEETH Cfc WHEELS. 

ft 

There are various treatises on this subject, and I only 
intend to say as much oh ifhs ifris necessary that a clock- 
maker should understand* if he means his wheels and 
pinions to run together smoothly instead of wearing, 
themselves out by jerking and scraping, which I have 
known tp happen in a very few years. The most 
comprehensive vi^| of the whole theory of tooth- 
drawing (at least oithis branch of the art) Is in a paper 
by Mr. Airy in the 2nd vol.pf the Cambridge Transac- 
tions , and it has been further * expanded hy Professor 
t Willis in his Principles of Mechanism . 

Some persons have » mistaken impression that the 
object to aim at in constricting wheel-teeth is to make 
them roll on one another wifhout any rubbing friction. 
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' This can indeed be done by what are called involute 
teeth, of the shape described by a point in a string 
unwound off thq circumference of a wheel : but they 
are really useless, because rtliey are so oblique that they 
produce a squeezing pressure* between the two wheels 
which is more than equivalent to any saving in friction. 
The great thing to aim at in describing teeth is s to 
make the relative velocity of the wheels uniform from 
the beginning to the end of the contact of each pair of 
teeth, which *of course involves also the absence of all 
concussion or drop of the teeth. Another point is to 
have the action entirely or chiefly between the teeth 
which are separating from each other, and not between 
those which are approaching, which is commonly 
expressed by saying that the action should be after the 
line of centrCs of the wheels and not before it. The 
reason of this wilf be evident at once if wou draw some 
teeth with a very rough outline # so as to give an 
exaggerated view j>f the effect of friction, for you will 
see that tlfere is a degrefe of*roughness which will make 
the teeth jam against each ‘other and not let them slide 
at all as they approach the line of centres, but that no 
degree of roughness will do this when they are leaving 
contact or are past the line of centres. £he most 
perfect thing is when the contact t^ces place Yor a very 
short distance only close to the liqe of centres ; and 
this can only be with fe£y small teeth, and therefore 
very high numbers (ejcctept with involute teeth, which I 
•have already said will not do for another reason)., 
Theresa indeed a wejl-known* contrivance for getting 
this kind of action with lar^e teeth in heavy machinery, 
by putting several large-toothed wheels close together, 
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with the teeth of each a little behind the other, but* 
this is never used in clockwork. 

O 

Helix-teeth. A modification of this plan however, 
very unlike it in appearance, been occasionally used 
in clocks under the errpneous name of the helix lever . 
The teeth certainly do at firSfjsight suggest the idea of 
an endless screw, but they are essentially different, the 
arbors being parallel, and ndt at right angles as in jm 
endless screw. If you suppose a good many very 4hin 
toolfched wheels put together# side by side, pach with its 
teeth a little "behind its 
neighbour, they will pre- 
sent a surface like a 
rough tooth with a sloped 
face, as in the upper part 
of this figure. Then go 
a step farther .and sup- 
pose. the roflgli edge 0 to 
be smoothed off, and the 
result will be a smootB- 
faced oblique tooth, like 
the lower one in the 
figure, which will drive 
teeth of o corresponding 
obliquity • on another 
wheel, and the contact i • * 

will be solely at tLe line of\£ntres, where there is mo 
friction. But when the teeth* Ijjius become smooth, 
there will evidently be a great endway pressure on each 
arboj*, which there is not# while the teeth are square, ofr 
beloi%ing Jo separate wheels put together. *This end- 
way "pressure haay however* be neutralised by.ag&n;. 
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* putting two such wheels together with the teeth sloped 
opposite ways. I understand this is called White's 
Gearing, but I do not know of it being used anywhere 
now. There was a Germgn turret clock on this plan 
in the 1851 Exhibition, which, certainly went with a 
very small weight; anc^'fihall clocks with the single 
helix tooth had been made in England many years 
before by Mr. C. Macdowall (whose escapement is 
described at p. 104) 'which also required less force 
than usual, from the smallness of the friction in the 
teeth* I do not know that the advantage is worth the 
expense; but ps this construction is lcry little known 
or understood, I explain it in case it may be turned to 
any use hereafter. ' 
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Epicycloidal tpeth. It may be said without ex- 
aggeration, I be- 
lieve, t^at all the 
teeth now used 
in machinery 
are constructed 
either as epicy- 
cloids or hypo- 
cycloids, and the 
meaning of those 
words* is this : — 
If you roll a 
circle AGP on 
another circle A 
R Y, the curve 
R P traced by 
any , .point' P in 
■the rolling circle is called an epicycloid to the circle 
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ART; and if 70a roll the small circle AGP with fa* 
a larger than itself, such as A Q X,*the carve P Q, 
traced by P is a hypocycloid to that circle. And it fir 
remarkable that if the tracing circle is exactly half the 
size of the one in which* it rgjls, the hypo^iotdPG 
is a straight fine, and is itselfthe diatfiefcer c^the Iqge 
circle, and therefore teeth so described ale called radial 
teeth. * m . 

Non 1 suppose AR Y is the circumference of what |p 
called the geometrical or pitch circle of a wheel Which as 
intended to drive another, and AQX the ptch cftcle 
of the wheel to be driven, which is genertdly sailed the 
‘ follower/ but which I tjiink it better to cifil the 
runner , as followers do *not usually run before their 
Anver ; then it is easy to see that the arc A P of the 
tracing circle is equal both to A R anc^to A Q, and also 
that the epicydoid i% always more convex than the 
hypocycloid, and therefore that the point P in tine 
tracing circle is always # the point oft pontact between, 
two teeth so traced, and the velocity of the two wheels 
is always the same as if their pitch circles rolled upon 
each other without any teeth at all. It is hardly 
necessary to observe that the teeth of the driver, to act 
after the line of centres, must be. wholly outside its 
pitch circle, and those of the runner whofyy withfapt, 
The part of a toothfwithin tA jjiifcch circle is genera^y 
called its flank or root, and tnftjparb outride is oajbgl 
the point, or the addendum, a&d sometimes the 
because the dank is generally made radnd, jtj 
, hyposvcloid described by*a circle of half thnsdS*^^^ 
of the pitch? cirple. For it*i* further to be 
that althon|h the points of the driver.and the 
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the runner must be traced with the e&me circle, it is 
not the least nepessarv that the points and the flanks 
of the same teeth, should be traced with the same circle. 

In clockwork the wheels always drive and the pinions 
ran, except the 12 hour whe£l.in the dial-work, and 
the winding wheels and Opinions if there Are any. It 
Can be proved, as yon may see in Professor Willis’s 
Principles of Mechanism, but the prt>of is too long to 
give^here, that no pinion of less than 11 leaves (except 
of r a kind which I shall "describe presently) can be 
driven entirely after the line of centres. A pinion of 
io can very nearly; and there is so much difference 
between the force required to drive pinions of 8 and 
those of higher numbers, that |ome spring clocks with 
Macdowajl’s escapement which answered perfectly with* 
pinions of io*or 12, failed with the common pinions of 8, 
for want of force fo drive the two extra wheels m the 
train. Professor Willis gives the following table of the 
loweqjk numbers wjjich will work together with all the 
action aft* the Ime of Centres 

c 

Driver 54 30 24 20 17 15 14 13 12 11 10 9 876 
Bunner 11 12 13 14*15 16 17 18 igr2i 23 27 35 32 176 

The practical inference from this is, that jf you use 
these numbers, or pny higher ones, together, the driving 
fheth require no flanks and the running ones no points : 
indeed if yop meaii to prevent any action before the line 
oftoentres, the nxanefi obviously must have no points, 
because if they have they will be geometrically identical 
with^he ^eeth of a pjnion intended to drive the wheel 
After the line of centres when reversed. SuppoSe for 
, fcrttaaee, what is nearly the case in the Westminster 
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dock, that the great striking wheel at one end of the 
barrel and the great winding wheel .at the other axe 
both of the same size and number «f teeth, and that 
their pinions are also the same ; then as the striking 
whed always drives, hut thej rindinfir wheel is always 
driven by its pinion, the striking piniog and the 
wjnding wheel ought to have no points to their teeth, 
and the sections oT the two vl^els and pinions would 
be as in this figure, the right hand representing the 
’ • • • 

* Mg- . - .. 



striking ]&rt and the left the winding, and, the aotiOa 
being in both cates, yon Ifaerve, after the line of 
centres AC, as the arrows indicate. • • * 

It is evident that fhe sanfe wheel cannot property. 
Strive two pinions with radial or straight-ftanked A ie 
Whenever the same wheffl has to drive two pinioxA, 
flank/ of die pinion teeth and the points of ther^ 
teeth musdbe traced with die same cirde, and ; 

» 
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code ufott not be larger than half the size of the 
smaHerjnnion, or else it will make the teeth of that 
pinion, weaker at the roots than even radial teeth are, 

, which are of course narrower at the bottom than the' 
top, and therefore are a weak form, especially in small 
pinions. A case of this kind occurs in every clock on 
the patterns I hare described at figures 29, 41, and jn 
the Westminster clod}, and in shbrt wherever the 
second wheel in the going train doea not turn in an 
hotir, and the dial work iw driven independently. In 
thisTsase/tbe 40 teeth of the* hour wheel (or whatever 
the numbef may be) require no points, and must be 
hypocycioids described by a tracing circle of half the 
' diam'etftn of the othfer pinion of jo or 12 which is driven 
jty the great wheel, if the teeth of that pinion axe radial. • 
JLantern pinion s. But there is another, perfectly 
diifarent kind of tooth, which is much better for pinions 
of sinall numbers than radial teeth pr leaves, viz. what 
is called a lantern pinion. These two figures of it will 
show its construction bdttolrlhan any explanation. I 
beUeve.it is the oldest fond df pinion in the world, but 
if had almost if not quite fallen into, disuse in England, 
fjh oogh not abroad, when it was restored by Hr. Pent 
hi his turret clocks abetit 15 years ago. They work 
with much less frgajcra than common leaved pinions of 
1 loW numbers when drive^/, the run, upon them being 
HA unfed the jciftan .wholly ‘after the line of centres, and 
thMfeiffc vAeel ‘teeth requiring leas accuracy to 
thdm They we not however proper for, 

drivhlg, beaus# then* at course the action comes all 
before sthe raw* of 'Gentry In some , Branch turret 
dories* the winding pinions are nevertheleli* wrongly 
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made as lanterns, and t&e pint themselves pivptzfceA 
instead of riretted hi their sockets a? as to tspt jebUe ;> 
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'jfeff dottedfbqn PB in fig. +& being epicycloids traced 
ifStb a circfe ike fbU. hne of the pitch 
pinion. Then k order* to get the shape of* 
|p piasof the $ctyud sice, yon must gage off" 

Mjflthe' breadth of the pin from .each aide of the tooth/ 
^ich'redtloes’ft to pr, Ituu you may leave on just aa 
! ranch point aa will keep hold of the departing pin P 
until another tooth has gut well hold of the next pin 
just as it crosses the linfc of centres. This operation Of 
reducing the theoretical to, the actaal tooth is practi* 
cally. .equivalent to tracing the tooth with a smaller 
circle: how muph smaller, will depend on the number, 
tie.' on the thickness of the pins, in proportion to the 
eke of the pinion. I find that a lantern of 8 or xo 
jfwjUj'res » tooth whjch fits a leaved pinion of the same 
number so nearly that I can see no difference in the 
Curves on a pattenf as large pa 9 inches diameter; and 
e«en with » the difference is very small ; 1 although * 
theowtasal lantern pinion with pins of no thickness 
require* vtiasa^me' shape ‘-of »fcetfi as a radial pinion of 
twice its m 1 have no* doubt that a lantern of 8 
tpnu aa easily as a leaved pinion of 12, and of course it 
reunites only § the number of teeth in the wheel, and is 
also itself stronger, and much less liable to break, both 
in haadening and 1ft working afterwards. «<> 

*1 may however repeat the caution that past iron 
wheels do nett work so \v$l with steel pinions, which 
lanterns necessarily are; as with cast iron, and there- * 
fine if the great wheel only is of iron Sad the smaller* 
ones of brass or gun metal, the*pinion§ Should he wiM , 
of iron pr steel accordingly. , Also it ehoald he borUe in 
mind that you cannot draw ont an arbor frith) a lantern 
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pinion endways, by anscrewiog tie 'front bush 
and therefore they should not be Used when yw«?«dcrf£ 
conveniently get at the back bosh to f^fce it if: TjSWMT 
pinions an used in all the ^^perieait docks add dfoin 
the cheap Qerman or 'Batch* dosha, boto*rf it 
is well known, drill go witlF'flS amount of dflat Id tociS? 
insides which would stop a clock with leaftfed pinions 


completely. But«the English clockmakars will not use 
them in small clocks: Mr. Beift attempted* it; hated 


English small clocks are npt yet made ip, factories/ as 
large ones arfe, and as they am everywhere alto ip> the 
world, the men who make them up htyre the power of 
obstructing every such improvement, and exercise it by 
immediately charging a higher price for every deviation 
from the common form, or for everything whH$i toey 
fancy is going to be applied to some flew use. 9Jke 
leaved pinions pf English Jiouse clock* an made out of 
'pinion wire;’ which ft in fact a very long pinion drawn 
through a hole hke wire, and the leaves am turned off 
to form the arbor add pivots, file A merican and 
Botch docks prove clearly* enough that lantern pwucuw* 
can be made at least as cheap as others ; and if any 
man of skill, capital, and determination would follow 
the example of Mr. Hobbs in locks, and set to work to 
manufacture docks in a factory of his own, we should 
soon see this and other improvements made, and the 
dock trade recovered out ef,the bands of foreigner, 
to whom it has been in a great* measure sent away by 
this combination of, workmen, who will min this arid 
‘every trade in the kingdom if thpy am allowed to haw 
their* own ^ort-dghted way. , 

Idasmuah «f English docks am thus made by, hand. 
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«and therefore probably no two ptp ettcfly alike, it i» 
necessary to 1iav» a tool for markin g tie places where 
u 4e holes for the pivot* US the wheels are to be drilled, 
Vbriag them to the Mar depth %woyi%. This 
'*mpthh& fool h» something*- Jike two rioej framed 
'‘together “parallel n to eads 'Other, eahh parrying a thick 
sliding pSi sideways through each of its jaWa. These 4- 
pins have a small hole or ^centre’ at the jnner end and 
at toe outer. 1 The pivots of the pair of wheels 
to be fitted pee pat ia the 4 centred ends of the pins, 
an(i t the«machme is ad jested by trial tfli*the wheels are 
felt "to work tpgethe* comfortably. Then the pointf at 
tb f pater ends of each pair of puis indicate the distance 
af ^ centres of the wheels, and may be used to maik 


•that dis tance on the frame-plate. If yon cannot get 
two wheels to work together without shake (so long as 
they are driven v the same r way) by any adjustment of 
their depth, the teeth a re wrupfely cut in one of the 
wheel* at least, end they have no business to be used. 

Bevelled vb&eb. tEvmybody who has occasion to 
use or ms&e bevelled wheels for changing the direction 
of two arbors, knows that the principle of them is that 
aU the surfaces of the teeth should converge to the 
pflaht where the axes of the two wheels would meet. 
Nevertheless in^thd great majority pf such wheels the 
aides «f the terth do no* do 5m, but converge more 
rapidly then -they ought, so that' the teeth We no 
contact at *all except just at their outer edges. The 
£»Tof Ude Is 4 if the «des of ft* adjacent teeth 
are out ia the common fay with the *amc*Outter, tfcg 
breadth $f the cat $ the ^ame throughout, and not 
narrower at the inside than the outwdh, aqd therefore 
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the teeth evjdenfly%p«w too much, 
is seldom much' pressure [do. the bevelled whde% if 
docks, and therefore the ibjMt it Jftttfc very n«M^ 
bat still it is one, «*& ii»^a^od^«i«i*Mbdber 
reason why the hoae&ed i rteds should M*l»rgein 
diameter rfctherfh&n in tfitkaped f'fa the^Wgfer they 
jjre the less pressure there is on the teeth, And the 1 pm 
any inaccuracy bt cutting* forfeit (as it ^ in* wheeb a 
of all shapes), and also the lose Angular motfoh Of 
shake of the hands and wheels there will be for ‘shy 
given antount of shake in the teeth. * •* 

Skew-bevelled wheels. It inay be wftrth while (o, 
know that bevelled wheels can be made with oblique 
teeth, to work with their arbors not in the same phfoe, 
provided they have only to worio one wsyj bat the 
friction is very great if they work what ’may be ehUpd 
the wrong way, and even.in the right way the friction 
is more than in tye usual conical wheels. I have never 
myself seen any clock where it wa# necessary ta resort 
to this construction, wlu8?*m|ty be found lh books, on 
machinery, and therefore Ttmly mention it in case any- 
body may have occasion to resort to it. * 

Came may be defined as teeth which have to raise a 
lever or p sliding rod, and not a succession of teeth, and 
therefore elch cam most work up to its end, and drop 
the lever there, yhereas in wheels a second pair ’of 
teeth may mid always show comp into .action beffire 
the preceding pair have quits separated. The aimp]ta$ 

, form of cams* to raise a lever is that shown*in any of 
the pictures of striking Vork of house dock* $gg 26 to 
28, fix. a set of pins stuck in(o the side of a wheel, wldali » 
catch the lever at some distance from its end afrd work 


Ifortaaatcly there;’ 
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up to’ the end and then let it drop off. This does well 
enough for vary light hammers requiring only a small 
* clock weight, but is just the worst plan that could be 
Invented for large ones. < H you take the trouble to 
danw a wheel with 8 pins in it, bach pm acting fin the 
lew* through about 1 36° (leaving the difference between 
that and 45*’ for the clearance) yon will see that thp 
angular lift, of the lever towards the find of its {notion 
is only one-third of what it is at the beginning, and 
therefore f of the clock weight is wasted during 
part nf th® lift. And that is by no means all; for 
if you look at fig. 32 you will see that, as turret dock 
hammers are usually fixed, the weight of the hammer 
acts more vertically or requires more foree to lift it at 
the beginning of its motion than at the end; and 
besides all thfis, there is the fact which. I have several 
tunes mentioned, that the loss of power by friction 
in driving through short levers (which the striking 
lever jg at the be^ipniag of its motion) is very much 
greater thrfh through ldng**dnea wi£h less angular 
motion. -Under all these circumstances it is no wonder 
that the weight required to make a large clock strike is 
often three or four times the theoretical * duty' of the 
clock, or the equivalent of the hammer x its lift x as 
many blows as it strikes for once winding; *.c. that f 
or*f of the force is wasted itf bad. leverage and friction ; 
whereas in the Westminster striking part little more 
tb m« \ of the theoretijdl duty of the clock weight is 
lost in friction, leverage, and the necessary clearance or 
drop for thq lever. « 1 

The first condition therefor? which the striking chms 
ought to satisfy is they should begin to act afc the end 



of the lever. It is not necessary that the action shoofif 
be quite at the end all the way through, provided it it 
so at the beginning, where the lift ja hardest for the 
'clock, and at the end of tb<V action an aa to let the 
leva drop suddenly; fat which reason also* rollers are 
worse than half round pins, 'dqjSdes the reasons just now 
given against using pins at all. The curve* which does 
keep the cam acting on thWend of the lever thToughr 
out, and as a tangent to itself, without any soaping. It 
called in mathematics tha tractrix. If, yea with* to 
describe it, tlie way is this. Set a smooth round board of 
the size of the cam wheel with stiffiah paper* pasted over 
it (to efface the grain of the wood) on a pin through the 
centre on a horizontal table j and set also on the table, 
on another pin, a model of the intended lever, with a 
vertical pencil at its intended point) so as to prots upon 
the paper, the* lever being weighted* a little, get the 
lever on thh line # of * centres and turn the wheel; it 
will drag the pencil over its surfaoe^in a curve wljich hi 
the tracirix, unless ifSA been disturbed by some 
inequality of friction between the paper and the pencil, 
or at the axis of the lever ; which is bo likely to 
happen that you cannot safely rely on tikis construction, 
unless yop find that a good many of the curves so traced 
agree with each other. It happens however, that there 
is an epicycloid wlych agrees with this so nearly that it 
may be used without senaiblt *erro^. Sugpose r i# the 
radius of the circle which formst^e bottom of the bamp 
(i.e. their theoretical pitch circle, allowing nothing for 
dealing the end of thq «leVer) and l the leqgthef 'the 
levei?! The lever will woyk # as a tangent o ih its fold 4 
throughout {without any appreciable error for such 
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Wgth fif rauft’a* u ever wanted) on epkycloidal cam* 
traced with a arete whose diameter * v 'r*+r/— r. 
Thus if v=8 to. and l * =4 in, the radius of the tracing 
circle will = *9 in. Another advantage of these cams it 
that you may cut them off at »Mf length, provided only 
you keep the lever of the tjJCper length; if you alter that 
you will gfet scraping friction, and soon wear out either 
(he cams or the lever. r * 

I&yoH preter haring orates to deal with instead of 
epicycloids, there is another form of, cam, which Was 
suggested to me by Mr. Effingham Lawrence (another 
horotegieal lawyer, like Mjr. Blo^am, and all the members 
but one of that jury in the great Exhibition, both English 
and foreign), And which act* quite as well as tbe epi- 
cycloid or tract rix,. provided you take cpe not to altar 
the length of the cam? i.e. you must not put more or 
fewer cams on the' wheel than they are designed for, and 
you must take care that the proper distance of centres 
of (he wheel and lever is preserved. In fig. 48, C A L 
is the lisa of ceblres, «n<?*AB the space for one earn 
on their pitch circle ; by which I mean the ajpaoe occu- 
pied in lifting, ter you see a little space is left below 
the line of centres before the next cam begins, to pro. 
vent the lever dropping onto tbe cam itself which 
shakes tbe clock most injuriously. AP is the arc of 
the lever. Draw AT, which is a tangent to the two 
circles at A* andB T a tangent to the cam circle at B. 
That point $ will also evidently he the place where a 
tangent to the, circle A P at P would meet the ethers; 
or in. 'other words, T ‘is the centra of a circle B P, to' 
•which the lever r itself will, be a tangent, both il the 
beginning and the end of 'the lift, although (he contact 
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will be a little way #*> end during wide inter^ 
mediate part of the actkto.* The bapkt of the c&nis 
moat be cut out a little deeper than down to the pitch 



circle, to let the lever drop freely ; and it is important 
to remember that the end of the lever itadf should set 
be left sharp, or it wiU cut, off the ends of the cams if 
they are not* very hard, and perhaps break them if they 
are. I know that ^y experience. # 

It does not occur td*T®f<that cam's can mat be re* 
quired in dock. work for lilting a vertical rod sliding 
like a stamper. If any such case should occur, invo- 
lutes of .the wheefcircle would be the right shape for 
the cams.* There may also be cases where it would be 
worth while to pull down a long striking rod by pins 
in the wheel catching a square hook at Ihe end Of 
the rod, and dragging it on rilfch a little sidpiray motion 
until it is struck off the pins bjf ^horizontal stop: this 
would avoid all the lever work and all friction except 
at t^fe Striking off of the hook. , 

♦ 1$s to the epicfel#uUl rule, for m Involute 1* in feet 

«a«pi(jyofciil daoed "by S «Stple of Infinite wxe, ie,, hj a (taught Use. 
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^ Oil for clocks. I believe it is now generally under* 
stood that sweet oil is the wont that can be used for 
machinery, large, or small, except when it is purified in 
certain ways not known, to the public; mid then it is 
,too expensive for use in large* or common docks. For 
them purified spent oil, /rack as is now made wholesale 
for other machinery, is quite good enough. Common 
neatVfoot 6il may also bd purified into a very good oO, 
width will hardly freeze here. It can only be done in 
cold weather-; it should be shaken in a bottle with 
water until it becomes a thick white soup, and then 
left to stand, .and the fine oil that gradually comes to 
the top Bkimmed off, taking care to get none of the 
thick. If it is done in a warm temperature, oil appears 
at the top as fine, which has no business there, and 
will not renfrin fine in cold weather. Mr. White of 
Fredericton sent me a small bottle of< oft a few years 
ago which he says does not freeze even in iheir odd of 
—40°, which is epough to freeze merenry. I do not 
know bow^it is made. ' •*' * 

It must be remembered that oft has always a tendency 
to run away from small pointB of teeth, the ends of pins, 
&c v to the thieker parts of the wheel. In some French 
clocks the teeth of the dead soapewheel are accordingly 
made with a kiri 0/ lump at the end ,* but this wastes 
lhore space in the clearance or djrop, and it is never 
dune in English clicks, W'far as I have seen; nor do I 
know anything that, trill answer — except putting on 
fresh oil when it is wanted. As I have said before, dirty 
oft should, always be, cleaned ‘off before putting fresh 
‘ oil on*. ■ • * 
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WATCHES AND CHBOHOMETE^S. 

*• • 

Hie early history of y Etches seems to Jt>e quite as 
obscure as that of clocks; if wq concede the. name of a 
watch to any small portable horologies! machine with a 
spring for its moving force anti a vibrating bi^ance for 
a pendulum. But a watch witlmut a talance-sprfcg 
differs from a watch with onp as much as De Vick’s • 
clock with a mere fly-wheel balance differs froifi a pen- 
dulum clock ; and it is singular that the hudafitie spring 
and the pendulum, the two great elements of horolo- 
gical accuracy, are not only almost coeval, but the 
invention is fought for by the same claimants, or two 
of them at any rate, Hnygens and Dr. Hoolfe. Accord- 
ing to Rees’s Cyclopedia, Da. Hooke is proved at any 
rate to have tfeen the irrst publisher of the discovery, 
200 years ago, and therefore he has £he best claim to 
be regarded by the world"® Ikhtf inventor. He enun- 
ciated the principle of the discovery of the isochronism 
of springs in the short sentence Ut tensio sic vis:* 
or, the force varies as the degree of tension : which 
rule howevpr we shall see presently has two rather 
curious exceptions. • 

The main-spring of a watch is a thin ribbon of steel * 
coiled up in a barrel .round a Strong jspindle to which* 
one end of the spring is fixed, the bt^er end being fixdd 
to the barrel. ( When it is wound up the coils lie close 
together upon the spindle*or avbon and as thp spring 
runs d<fwn the coils separate from the arbor and lie close 
to the 'barrel? like simplest construction, still used in 
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most of the foreign watches, is for the barrel arbor to 
be (he winding arbor, hiding a ratchet wheel squared on 
to it, held by a^shck on the frame or plate of the watch, 
and (he great wheel is r on the barrel itself; and in this 
case, as I explained at p. i $4. with reiprence to spring 
clocks, no temporary ^maintaining power or ‘going 
barrel’ is required to keep the watch going while you 
are winding it up. Bnt it is obvious that as the force* 
of* the spring is greater when it is tightly wound up 
thrfn when it is loose, the -force of the train will be very 
far froth constant throughout the day, although that 
may not affect the going of the watch from one day to 
another. Bat on the other hand, there is found to be 
a very singular exception to that rale of Dr. Hooke’s 
stated just now, .inasmuch as there is a position of ttye 
spring coilfed in a barrel in this way, in which there is 
no material variation of its force for a few turns. And 
certainly some of the foreign watches made in this way 
go jrell enough for ordinary purposes, and one reason 
why thejp can be made sosmall is that they do ^iot con- 
tain another piece of machinery which is added in all 
•the best watches, and indeed in common English 
watches to equalise the force, called the — . ’ 

Fusee. That piece is a hollow-sided cone, which 
■you 'see in this picture of a chronometer "or English 
* watch movement, with a chain ropud it and the barrel, 
"and the great wheel is <ho longer on the barrel, but ou 
this conical piece cuffed the fusee. When the spring is 
wound up and its force is greatest, the chain acts on the 
small end'of the fusee and therefore with the smallest, 
leverage, and as tMe spring unwinds, the chain acts 
on a thicker part of (he fusee, and it cah be, and in 
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good watches is, so adjusted that the force on the trait# 
and escapement is constant. 1 ft was suggested by Madge, 
the inventor of the lever escapement jjx the form now 



used in 9^ out of too English watches, that the usual 
position of the chain is wrong : ancf so it is ; for yon see 
in fig. 49 that it acts on the opposite side <ff the fuaefe 
to the centre pinion, and flydsequently the pressure 
and friction on the fusee pivots* (^vhich are necessarily 
large ones) is the sum of the force of the spring on the 
fusee and of the great wheel on (he pinion; jsrheheas if 
the spring acted on the samp side as the pinion, if; would 
only he thef difference. I confess X know no reason why 
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v. the common arrangement should be adhered to, except 
that it is the common one) which is generally considered 
reason enough fqr anything bad. 

The train of wheels in t a watch is much the same &s 
in a clock, except that the scapewheel is pot the wheel 
which turns in % minute and carries the »second-hand, 
but is another faster wheel. Iu a pocket lever watch 
the balance generally beats in f oft a second, and in a 
chronometer either ih that time or in -J- sec. The 
scapewheel generally has 75 teeth, and therefore turns 
in 6 seconds or something near it. In a good lever 
watch the-pinjous are generally 7, 8, 8, xo, and the 
wheels 63, 60, 64, 75 ; in a pocket chronometer the 
pimons are 8, xo, 10, 12 and the wheels 80, 75, 80, 
72 ; in box or mprine chronometers the numbers are 
still higher, the pimons being 10, 10, 12, 14, and the 
wheels 80, 80, 90, 90. Bo* chronometers are generally 
made to go rather more than 2 days, though they are 
wound up every day, and they have a small hand 
on a separate circle in thf* iatu indicating how far the 
barrel has run down. In these watch trains it must be 
observed that where a slow wheel has fewer teeth than 
a quick one, of course the teeth must be larger, or the 
wheels could not be put into the frame, as observed at 
page 27. I think ‘no pinion so low as 7 should be ad- 
mitted, and I cannot understand why 9, should be a 
prohibited number in dquks and watches, as it seems to 
be except in lantern ^pinions for docks, which are made 
to order and not cut out of pinion-wire. 

Winding Stops. „ A watch, or a spring clocks with 
a fusee is stopped from ^cing overwound by u long 
tooth which you see in ‘fig. 49 sticking out from the 
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thin end of tbs fusee. There is a spring lever with a 
hook fixed to the frame with a little play.on its pivot, so 
that when the chain comes to that eqa, or the fusee 
is*full, it pushes the lever ju|t # far enough for its hook 
to catch th$ tooth, aryl* so stops the winding. In 
foreign watches without a fusee, & thin ^called the Geneva 
atop is used : it' consists of a small wheel on tftfe barrel- 
arbor, with only one tooth in it and the rest of the cir- 
cumference filled up blank; this* tooth works into She 
teeth of another loose wheel set on the \jatch frame, 
which has onty as many teeth as the number-of tyros 
that the barrel has to make in winding pr going, and 
has also a blank space in its circumference. The one- 
toothed wheel turns the lodse wheel through the space 
of one tooth for every turn of the parrel, and wh^n 
those teeth are all past, the one-tooth jam? against the 
blank in the loqse wheel aqd lets thd barrel tnrn no 
more, and so %tops thd winding. Of course the same 
thing might be pat* on a fusee arbor^but the spring 
stop is preferred. •• * * • 

The dial Wheels, of a watch are more like those of a 
turret dock than of a house dock in the division of the* 
numbers of the teeth, as there is no occasion for the 
intermediate whed and pinion, called N in figs. 22, 
27, to turn an an hour, as it does in house docks to dig* 
charge the striking, and even in silent dodft for uni-* 
fortuity. The hand ’sockets atgf also only held on by. 
friction without any spring. In-other respects the train 
of a watch is substantially the same as that of a small 
dock until we reach the esoapemeijt, except that there 
is one «nore .wheel in the typin, for the reason given 
just ndw, The dial pinions in I good watch are 12. and 
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14, and the wheels 42 and 48 ; in a box chronometer 
they are 14 an^ 18, and 54 and 56, * ^ 

The escapement is the only place in which themes 
a fundamental difference between a watch and a dofck. 

I shall describe the principal, watch escapements pre- 
sently, after we « have ‘considered the principle of the 
balance^ which is common to them all. The balance 
wheel resembles a pendulum in vibrating and in letting, 
a sfcooth of the scap*ewjieel escape somehow at every 
vibration, 43 in the earnest clocks before pendulums 
wcye invented. But considering that* the pendulum 
moves by gravity, through an arc of only 4 0 or 5 0 with 
a variation never amounting to 30' in a good clock, 
while the balance swings independently of gravity > 
Ijhrough an arc, of sometimes 400° and sometimes no 
more than* ioo°, it is evident that a watch escapement 
must be a very* different .thing from* that of a clock. 
When I say that a balance is independent of gravity, 
you must remember the distinction between mere mass, 
which we denofe'd by tha'lA.-tBr M in treating of pendu- 
lum, and mass acting as «a -force by, means of its weight, 

• i. e., by the earth’s attraction, which we called My. 
The mass and the moment of inertia of a balance have 

t , 

quite as much tq do with its motion as they have in 4 
.pendulum, but tie force which makes k vibrate or 

* return frbmthe impulse given in the escapement, is not 
•gravity (which musf.fo entirely excluded, or the 

‘ balance ’ is not a ^bfclance, and will not keep the same 
time indifferent positions of the watch), but a thin spfral 
sprihg, of which ong end is* fixed to the balance mid the 
othey to the watch frame t This is popularly called the 
haix-spring. It was to* this spring that Hooke's law of 
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the force varying as the tension or space moved through 
(which always ithplies isochronistn) was i^eant to apply, 
and does apply pretty generally; hut hot invariably, be* 
cause it is foond that not every length of a given spiral 
spring is quite isochronous, bu£ only certain^ lengths, 
which % suppose can^nly be determine® by experiment. 

The time of vibration therefore depends on thp 
moment of inertia*of the balance directly ^md the 
force of the balance spring inversely; and in a gidbn 
spring the force varies inversely as the length. Con- 
sequently you can quicken the vibration either »fcy 
rdJpSng the moment of inertia or the size of the 
balance, or by shortening the effective length of the 
spring. The latter method is used in all common 
watches, and the former in chronometers and watches in 
which extreme accuracy is aimed at. * 

Regulation of a cqmmon watch, to make, it go 
faster or slower, is ( done by adespr or index SPT 
(fig. 50), which turns on a ring set o» # the watch plate 
(through which the staff "or Arbor of the balance has 
to pass from the inside to *tfie outride of the watch 
frame), and it has twp small pins at P which embrace* 
the spring, one end of the spring being fixed to the 
frame at R and the other end to .the balance at S. 
It is evideftt that as you turn the regulator to thef^ 
right you shorten th« length of the acting part of the 
spring and so make the vibrations faster, and if you* 
move it to the left, slower. If *tlie«regulator has been 
moved as far toward fast as it can go antji the watch 
still loses, the spring must*be takers up altogether elf R ; 
and tl$n in order that the balance may still be in the 
middle position of the escapement when the spring Is 
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neutral, the piece S by which it is attached to the 
balance is itself a ring which fits tightly 1 round the staff 

and can he moved 

f when the balmce 

is’ taken out, to 
i alte/ the position 
and length of the 

It must have 
occurred to every- 
body who has had 
to regulate a 
watch for very 
small errors that 
there is a want of 
some better me- 
thod than the 
common one both 
for moving the re- 
4 * rf gulator and for 

seeing how much you move it. The best undoubtedly 
is a tangent screw movement, the screw being tumable 
by the watch key, and I am surprised that expensive 
watches are not always furnished with this simple 
addition. Another suggested by Mr. Dent is shown in 
‘fig. 50. Instead of being made wjth a point, the index 
has fine bevelled ^dges^ng quite over the index plate, 
which is to be ma^e’ With oblique divisions and two 
or three cross lines, like the scale generally engraved 
on a divjdhfg rule :«,this enables the eye to measure 


much, smaller divisions than could be either seen'br cut 
upon a degree plate of the common form. 
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This mode of regulating by (Shortening the effective 
length of the spring is not accurate enqjhgh for chrono- 
meters for another reason, viz. that all lengths of the 
spring are not quite isochronous for different arcs of 
vibration, and therefore if yoq have got tj}e spring 
adjusted for 'an isochronous length, * it will % become 
unigochronous if you shorten it a little ; and moreover 
a spring moving in thaj way, partly held fast pi the ends 
and passing loosely through curb pins at P, is no? so 
steady as one. held fast only at the ends. Chrono- 
meter balances are therefore regulated by* timing- 
s crews, which are screws with heavy heads *set in the 
rim of the balance: screwing them in of course 
diminishes the moment of inertia and quickens the 
balance, and vice vers&. In chronometers also the 
spring is generally made in a cylindrical spiral and not 
a flat one. Some chronometer makers have doubted 
whether there is any.ad vantage kUie cylindrical form, 
but it is now almost universally adopted and therefore I 
suppose the balance of experience is in favour of it. 
But the quality of the sprihg is probably of more 
importance than its ijprm. A medal of the highest class* 
was awarded in the 1851 Exhibition to M. Lutz of 
Geneva for, some balance springs, .made by a secret 
method, wHich bore being pulled out nearly straight, 
and laid on a hot plflte without^suffering any change 
of form, which was not the case with «any others which* 
were then submitted to us. * « 

Timing for position. As a watch somejjmes lie; flat 
on a table, and sometime# vertical; and not alwayfc in 
the safhe positiop in, your poqket, it is necessary* that 
the balance should keep the same £me in all positions, 
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both horizontal, and with either iii. vi. ix. or xii. 
upwards. WitlJ a heavy balance it is impossible to get 
the same arc of vibration when the watch is vertical 
and horizontal, because \he friction of the pivoW is 
much greater when they are acting on their sides than 
on the point of one of them. If you take a small 
chimney-piece clock with a balance, and hold it side- 
ways so th^t the balance becomes vertical ?.nd its staff 

horizontal, you will see 
the vibration diminish 
. very much, ahd then the 
least want of isochronism 
in the spring will set 
the rate wrong. Marine 
chronometers, which are 
only very large watches, 
are therefore always set 
horizontally in a box, 
in gimbals, as in this 
drawing, which keep the 
watch horizontal, even 
when the box is tilted by the ship • if the box is tilted 
a$ E or W, it turns on the outer pivots N«S of the 
gimbal ring, and if*, the N or S side is tilted, then the 
,Box and ring together turn on thp inner pivots at W 
and E leaving the wat(jh steady. The level of the pivots 
should be only just exiohgh above the centre of gravity 
of the watch to make it keep its level, for if the c. g. is 
much belo^the points of support the body will swing 
wheh they are moved. " * 

Ship time-pieces. There is another kind of ship- 
docks made to han^ against a wall, not pretending to 
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the accuracy of chronometers, hut a very neat ancf 
convenient and cheap form of timepiece for other 
places as well as ships. They are a narge 8-day lever 
$b(ch with the balance stall* and the scapewheel arbor 
vertical, and therefore* tlie thjrd wheel in the train a 
contrate or clown- wheel as in fig. 6. *Like othgr things, 
thgy are of very different qualities with the sajae 
external aspect. They do notVojk well withcyit a fusee, 
though many of them are made so for cheapness, # and 
the. contrate # wheel arbor Aught to havcf an end-stop 
to the pivot which tends to push away fr6m {he seape- 
whecl pinion and work upon its shoulders, and of course 
the two vertical arbors oujght still more to have their 
lower pivots resting on stops either of hard steel or 
jewels, to take the \* eight and friction off their shoulders. 
End stops are sometimes put to the horizontal arbors of 
highly finished docks ^ but*as there is no end pressure 
on them, I think it^s hardly wosti while there, though 
it is in the two cases I have ^ust mentioned. Chimney- 
piece clocks with balances (the only ones which house- 
maids will allow to go, unless they arc too heavy to 
move) ought always to have them compensated, for 
otherwise the great changes of temperature to which 
they are exposed will make it impossible for them to go 
right, as I # shall now explain. 

COMPENSATION OP* BALANCES. 

% 

Watch balances, or rather the springs ojj which their 
time«depends, vary muchhnore with heat and jcold than 
pendulums, «an<J therefore fsqjupensation is still* more 
essential if you expect great accuracy of rate ; and if it 
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Vere not that watches are kept at a pretty even 
temperature during the day by near contact with men’s 
bodies, their variations in hot and cold weather would be 
enormous : women’s watches being generally worn lof.se, 
go worse than men’s for that reason. A small portable 
clock with a balance uncompensated goes worse than the 
commonest dock with a peudulum. The balance itself 
also expands a little with heat just as a pendulum does, 
but' the effect of that is small compared with the varia- 
tion of the force of the sj’.ing. It appears from some 
experiments made by Berthoud in 1773, and others by 
Mr. Bent Communicated to the British Association in 
*833, which nearly agreed, that the loss of time due to 
expansion of the balance for a rise of temperature from 
32 0 to ioo° is not*! of that due to the loss of elasticity 
and elongation of the spring, and that the two together 
amount to no less than 6£ minutes a day; and a varia- 
of 33 0 would producgjsuyariation of /m hour in 3 weeks; 
whereas we saw (hat a common iron wire pendulum 
would only lose 10 see? st day for such an increase of 
heat, and a wooden one not more than seconds, if so 
much. 

The first watch compensation was made by Harrison, 
who has been mentioned several times already as the 
inventor of various horologies] improvements ; and he 
received the first parliamentary reward for improvements 
in chronometers wjth a view to finding longitude at sea. 
His method is quit?, disused now, and indeed he was 
himself dissatisfied with it, and suggested that the com- 
pensation ought to he done in the balance and not by 
any contrivance for altering the effective length 'of the 
spring, which was the principle of his own and all the 
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early compensations. For this purpose he put the 
curb pins (see fig. 50) on a compound bar, of -which one 
side was made of brass and the other of steel; as the 
ftfess expands more than the* steel the bar necessarily 
bends to the steel side ‘when, the heat increases, and 
thus the curb pins were moved alon£ the spring, just as 
thpy are by the common regulator. It is not necessjury 
to dwell on any of the various modifications qf this plan, 
as they are all now abandoned for the balance of horn- 
pound bars, which appears <o* have been»first made* as 
vfbll as a mercurial compensation balance, b/ Julieh le 
Roy, a celebrated French clockmaker, «buf afterwards 
much improved by the first Arnold, Earnshaw, and 
various other English makers. A great variety of these 
contrivances may be found in Reef’s Cyclopedia by 
those who are curious about them. * 

The plan which is pow always used, with some modi- 
fications in certain, cases, as I explain afterwards, 
is exhibited in this drawing : / a t'js the main bar of 
the balance, with the timing %cAws for regulation at the 


ends ; and / b, f b' are * * p . g 

two compound biys, of . 

which the outside is brass 

and the inside steel, car- ( ■ 

rying weights b b' which I % * 

may be screwed on at dif- H; 

ferent places. As the • . j|g% * S t 

heat increases, those bars * %* S // 

with their weights bend S 

inwards and diminish thd • * • * 

monqent of*inejtia of the • _ • 

balance. $he only secure way of making these balances 
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is to cut them out of a solid steel disc round which 
melted brass is riju. This plan of uniting the metals was 
introduced by Ea&shaw, it appears, besides various other 
improvements in the conduction of chronometers/ 
which very little alteration has been since "made in 80 
years. 7he principal expense of a really Compensated 
balance is in the time rpejuired for adjusting it, whi/sh 
can only be done by trial. Many watches are sold with 
balances only constructed" for compensation but never 
adjusted, and'thercfore uniler or over compensated, or 
with *no regularity in the action of the compensation ; 
and some still tyorse, with a mere sham compensation, 
resembling a compensated balance only in appearance, 
sometimes not even cut through. 

The chro^ometrical thermometer is simply a 
watch with a balapce compensated the wrong way, Le. 
with the brass inside and the steel oiitsjde, so as to 
increase the retardatiw^from heat and the acceleration 
from cold. The \isc of it i$ to. measure the quantity of 
heat or cold received during any given pciiod without 
recording the actual degree of heat or cold at any par- 
ticular time. It is therefore used, at the Greenwich 
Observatory fjr trying the rates of compensated 
chronometers under ,great variations of temperature. 

< 'Secondary compensation. When chronometers 
had been brought to great perfection, so as to go with 
scarcely any^sensibie varihtion of rate while they were 
kept within moderate limits of temperature, it was 
observed that they always lost if the temperature either 
rose dr fell beyond thdfee limits'; and on the other hand, 
if the* compensation waa Adjusted for tifro extreme 
temperatures, then the watch always gained at mean 
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ones. I believe it lias never been disputed that Mrt 
Dent was the first person to explain rthe cause of this 
error, in the Nautical Magazine in 1^33 ; and he gave 

following illustration pf # it : The diminution of 
force in the spring proceeds uniformly in proportion to 
the incrcas A of heat, and may*therefore be fepresented 
bj a straight line inclined at some angle tb another 
straight line which is divided into degrees of templra- 
ture. But the inertia of a compound balance sucl* as I * 
have described cannot be n^de to decrea^p quite as fast 
as the heat increases ; and therefore its rate of variation 
can only be represented by a curve, aryl can therefore 
only coincide with the straight line representing the 
variation of force of the ‘spring in two points, either 
the two extremes, or two means, or.one mean and one 
extreme point : in other words, the compensation can 
only be exact fpr some two temperatures for ahich you 
may choose \o adjust it. 

The same thing may be shown mathematically as 
follows : Let r be the "tliStarice o? *the compensation 
weights from the staff or axis of the balance, and we 
may call them both together M, and for this purpose 
we have nothing to do with the rest of the balance. 
Let dr be the increase of distance of the weights for 
some giwn decrease of heat. Tlien the new moment 
of inertia of the balance will be M (r 2 4- 2 1* dr 4 dr % ), 
and the ratio of the new lbdrtift to tlm old will he 

2 dr /dry , • • V fdr\ 2 . 

i + -y 4- ; and now the term ^ J is too 

large to be disregarded as it pay be in the Similar 
formula for pendulums, because dr must be much larger 
in proportion £o r than it is in a pendulum, at we have 



WATCHES. 


m 


f 


keen already. Again, the ratio of the moment of inertia 
for an equal increase of heat, to its moment of inertia 

in the middle state, will be i — , assu- 

ming that equal successive increments of heat produce 
equal variations of r, wfiy;h however is not quite the 
case as it 'is in pendulums. Consequently the increase 
of 'moment of inertia for ft given rise of temperature is 

less than its decrease for ah equal fall by 2 , or 

the 'compensation fails to that extent in one of the 
three states' of cold, middle, or hot temperature. 

The correction of this error is called the secondary 
or auxiliary compensation, and it is the point to which 
I think every chronometer invention for the last 
twenty-five years has been directed, chiefly because 
the chronometers are now exposed to such extreme and 
unnatural variations of t emperature^ in the Greenwich 
trials-^-nearly as much as ioo°,that the attention of the 
makers seems to be withdrawn from everything else ; 
and every year’s tables display an increased number of 
contrivances for this purpose, though by no means an 
increased accuracy in the recorded rates of thq best of 
them. ,, 

Eiffe’s compensation balance was the fiist inven- 
tion for this purpose which was disclosed ; and a reward 
of 30 6l. was, therefore given him by the Admiralty 
on the recommendatiqp of the Astronomer Royal. At 
the very time while this invention was nnder trial at 
Greenwich', Mr. Molioeux took out a patent for ,one 
precisely similar; which is only one of the usual proofs 
that when the time is ripe for an invention, it is almost 
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sure to be made by several people at once, of whom 
one gets rewarded—*or suffers, by a patent. Mr. Eiffe 
described several methods for effecting the secondary 
Stappensation : the one whiqji # he chiefly relied on, and 
which has Jbeen followed by some other makers, is a 
balance in VhicAthe compensation* bar, of a screw in 
it fc is made to reach another in the form of a spring 
with a small weight upon it, •when it has bent inwdSrds 
to a certain extent, and it carries that other with it, so 
as* to diminish the moment^ of inertia stjll more than 
the single 'compound bar. It seems an obvious 
objection to this, that it is discontinuous, i.e., that 
the secondary compensation conies into action suddenly 
at one change of temperature only. Nevertheless it 
appears to answer as well as or better than many others 
which are free from that objection. ’ • 

Dent’s balance. The* next in 'point of date was 
Mr. Dent’s, of which 'also ^ # Fig. 53. 
there were several forms : 
this (in fig. 53) is the on© 
which he proposed as the • 
best in his pamphlet on 
the subject. The flat 
cross-bar t rr' is itself a 
compensation bar with 
the brass below and the 
steel above, so that if the 
compensation weights b V 
were set upon upright 
steps from the bar they 
would be bent in towards # th© axis when the in- 
creases. But they are in fact set upon some other befit 
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compensation bars st, si 1 , of which the brass is inside the 
bend, and consequently the weights approach the axis 
more than if thej, were set on stems of fixed length ; 
and as they eon be set t ipiy where on the stems 
Compensation is thus adjustable.. The reason why the 
bent bars Stand outward^ across the ftancipal bar is to 
leave roolh for the balance spring, which is attached to 
the* smaller cross-bar d shown in fig. 53 , in which the 
spring is omitted to aVoid confusion. This compen- 
sation has the, advantage of, being continuous. 

Lopebyta balance. The only other secondary com- 
pensation of wlych a description has been published, so 
far as 1 know, is Mr. Loseby’s, who has altered the 
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mercurial compensation of Lc Hoy into this foym. 
D D are tfie weights on the ysual compouncUbars 3 B, 
for the primary or principal compensation.' Besides 
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these there are two small bent thermometers with thS 
bulbs at F, and the tubes at E, into which the mercury 
runs as the heat 'increases, and so mbre of the weight 
oh^he balance is carried inwards than is due to the 
mere bending of the primary bars. The tubes are 
sealed with V little air included. 6 C are** the usual 
tiqiing screws independent of the compensation. The 
action here is equflly continftous with Mr. Rent’s, and 
Mr. Loscby’s chronometers generally got a very Siigh 
place in the Greenwich lists*during the seven years' in 
which he sent them there ; and he would have «done 
wisely to be content with that success. «BiA it appears 
from parliamentary papers that he has applied no less 
than four times for a reward for this invention, and the 
Astronomer Royal has four times reported against his 
claim, on the ground that his balance was neither the 
first to do what? was wanted, nor was proved to be the 
best. Mr. £oseby,then sent tg (he Admiralty a long 
memorial, containing a comparison ,of the rates pf his 
chronometers with others irt the Greenwictf lists for 5 
years, to prove that his Vas the best; and the last 
horological paper to which old Mr. Dent put his hand 
before bis death was a counter-statement, showing 
that a pi»per analysis of those very trials exhibited 
Mr. Losehy’s compensation as decidedly inferior to 
Mr. Dent’s own, agd ndt at all superior to *Mr, Eiffe's 
or several others of which the constructions were net 
disclosed. * * • 

After his death the controversy was Carried on in the 
Society of Arts’ Journal*by Mr- Loseby and, me, es be 
had.hssnmed (hat I wrote JMr. Dent’s paper for him, 
and I extended the analysis to the whole seven years 

• 3 
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during which Mr. Loseby’s chronometers were at 
Greenwich, and with the same result. The nature of 
the analysis is simple enough, viz. this : If yon divide 
the 6 months of published rates in each year ii^o 
3 periods, one. containing all the coldest weeks, another 
all the hottest, afld another the mean temperature 
we^ks — and whether you make the division into eqpal 
( periods, or ( into two periods of 6 weeks of extreme tem- 
peratures and 13 or 14 of mean, or make it just where 
the* register shows that the greatest breaks, of tempera- 
ture' actually occurred, — the result is always the same, 
that Mr. Losebj’s compensation was the most successful 
in only one of the seven years, three other makers' 
each once, and Mr. Dent's three times. The Astro- 
nomer Royal’s opinion was therefore clearly right in 
rejecting Mr.’Loseby's claim to a public reward, what- 
ever may have been his personal, skill in preparing a 
single chronometer fee-trial in a year, and so on the 
whole, getting a higjh place in the list. 

Dent’s prismatic bdlahceT This was invented by 
the first Mr. Dent shortly before his death, and im- 
proved by the second, for the purpose of effecting the 
primary and secondary compensation together, or a 
sufficiently neat approximation to it, by a simpler con- 
struction than any of the others. The steel part of 
the balance is the usut^ fiat bar; but the brass is an 
obtuse-ttnjjlecl bent prism. This inven- 
tion was founded on the fact that a bar of 
that form bends more easily from the 
angle than towafds it, and therefore* the 
compound bar bends in m<fte easily ami farther \han 
it does outwards, for equal degrees of heat. It has the 
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advantage of making the balance stronger also. It waf 
nots opposed that this would make the secondary com- 
pensation complete fin the extreme temperatures of the 
bapual Greenwich trials; ^ut some of these chrono- 
meters have been*bought by the Admiralty after trial 
there ; and*, there seems no doubt Jthat *tfa» is better 
than the common flat bar compensation. * 

Glass balance* springs.* These were suggested* by 
Berthoud, but have been very Ifttle used. The rt^e of * 
a 'chronometer with a glags spring, which Mr, Dprit 
sent to Greenwich some years ago, was vjery good ;,and 
they have the advantage of varying so muah less than 
steel or any other metal in elasticity that they require 
very little compensation of the balance. I do not know 
why they have not been more use£, unless it be from 
the fear of breaking them when anything is done to 
the watch. It appears that with them, as with steel 
springs, the*watch always gains after a new spring has 
gone a few months, as if it acquired more elasticity by 
working ; and this is analogous to what takps place in 
bells, which always become’ more sonorous, i,e. more 
elastic, after a few months ringing. a 

Greenwich trials. When the rates of some chrono- 
meters were returned to Greenwich after one of the 
Arctic expeditions, the Astronomer Royal reported that 
they had been kept so warm that they afforded no teat 
of the relative value of th^ different modes of cop.- 
pensation employed in them. • i *thiuk it might also 
have been inferred from that fact that the trials at 
hope in such unnatural variations of temperature are 
anlf calculated to test p single and comparatively 
immaterifi'qnality of the chronometers, and to ‘frighten 
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Away from public trijil eyery invention for the general 
improvement of the instrument in other respects* Any 
nautical man who wants ' chronometers for real use 
would rather hare one thajf would not vary a secon^d 
week in such temperatures as it is litely to.he exposed 
to in any vbyage in a ship’s cabin, than ona which may 
possibly go better than it at Borne extreme and- im- 
probable variation of temperature, but worse in all 
1 ordinary and probable Variations. 

It ought to J?e understood better than it generally is, 
that 4 jie best chronometers are by no means equal in 
steadiness of ra£e to a good astronomical dock, or even 
to many turret clocks such as I have described. There 
are indeed records of a few fchronometers of singular 
excellence which hqye equalled a good dock rate (before 
* the days of violent temperature experiments), such as 
one by Mr. Dent, o'f which the daily rate never varied 
more than *54 sec., and another by f Mr. Cf. Frodsham 
with an almost equally small variation of '57 sec. during 
the time oftfrial attxreenmeh. But it must be remem- 
bered first, that even these arc variations of daily rate, 
and not of actual time, and moreover such chrono- 
meters as these are much too rare to r affect the general 
fact of the inferiority of chronometers to good docks. 

1 • 

n 

. WA^CH ESCAPEMENTS. 

There is a greater variety of escapements which may 
all be said to be in use in watches than there is in 
docks, omitting in both cases merely fancy ones of 
which jJnly a few specimens hare been made rather for 
Chow than for use, and which, I do not think it worth 
while to describe, either forelocks or watches.' 
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Vertical escapement. The original watch escape# 
meat, which has remained in nse for about two 
centuries, but is now going out, exactly corresponds to 
tfie % old crown-wheel escapemeqt in clocks described at 
p. 34. This figure (56) sbfiws the mode of arranging it in 


Fig. sfi» 



a watch. There are in fact two crowa wheels in it, for 
the wheel with its arbor vertical, the nuifute wheel of 
the train, is one, and J.he scapewheel itself is another. 
The plain rimmed w^ieel is the balance. It has all the 
properties of the recoil escapements, in clocks, arpd is 
very inferior in accuracy to any t>f the others* and now 
has hardly the advantage %ven of cheapness over the 
lever, which is the standard English watch escapement. 

Lever, escapement. This in its original form was 
invented J>y Berthoud about 100 years ago, and 
according <to the picture of it in Rees’s Cyclopaedia 
it is identical in alj but the position of some of the* 
parts with the rack-lever esedfrement* of which Lither* 
land of Liverpool used to be* the great maker: the 
first watch 1 ever had was one of that kind. If yon 
4 suppose the crutch of the dead oecapement gf a dock 
to end in » piece of a wheel, of radius equal to the 
crutcli, and* working into a pinion set on the%bor of 
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% balance, that is the rack-lerer escapement. The 
objections to if are the friction of the tack, t.e. of 
the wheel end pinion, and the de&d friction on the 
pallets ; and that was< almost entirely got xid/if 
,by the modification <jf it 'which was invented by 
Mudge about thilty years afterwards, and' which used 
to, be called the detached lever, but is now gene- 
rally called the lever, escapement * simply, since the 
<rac£ has gone out of uTe ; and the term ‘ detached ’ 
hafb been applied to another class of, escapements. 
It is a curiofts fact in the history of watchmaking, 
that a parliamentary committee in 1793 thought 
fit to award to this Mr. Mudge (or his son for 
him) 3000/., the same sum as Arnold tod Eamshaw 
had had from therBoard of Longitude, iu opposition to 
the opinion of thpt Board, for a chronometer escape- 
ment which was not worth one, farthing', and indeed 
turned out worth a«good deal less £han nothing to his 
son who spent a, considerable sum in making them. 
However "he well desefrefi his 3000J. for the invention 
of this lever escapement, hf which ten times more are 
now made in England than of all thp other escapements 
together, and which is almost equal to the, best in 
accuracy and steadiness of performance. The following 
i i the construction of it. * • 

The scapewheel and, pallets are, precisely those of a 
clock dead escapement ; 4 ut the pallets A B are set on 
a lever which turns on their arbor C and has a notch 
at thp end, into whiejh a pin P in a small disc on the 
Verge of the balance works, bding in fret a single tooth 
of thw old rack lever pinipm The teeth only just lock 
to-the Ifead "part of the pallets, and the pin and the 
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notch ore to arranged that as soon as the escape ha /* 
taken place the pin slips out of the notch, and so the 
balance is detached! from the lever daring the remainder 

«• * * 

Big. J7. 



of its swing. When it comes back again the pin re- 
enters the notch, moves *tfae lever just enough to*aend 
the fboth tmtq the impuke^ face of the* pallets, and 
then the tcapewheel acts on the lever and balance until 



304 


WATCHES. , 


'that tooth has .escaped and another tooth has dropped 
onto the dead face of the other pallet, when the pin 
passes ont of the notch in the othef direction and the 
balance is again free. /She dead faces have a l#tfe 
recoil the wrong way, tq prevent the risk of the teeth > 
slipping off while the balance is free ; and* besides that, 
th^re is another pin S on the lever, which moyes 
through n, notch in th$ balance distf at the same time 
that*P moves through the*lever notch : S has no actual 
contact, but«it is there to prevent the lever from 
shading back 1 ' and making a false escape while the 
balance is free* The pallets are always j entiled except 
in yery cheap watches, and the staff or verge of the 
balance ought always to have jewelled pivot holes, and 
in good watches the staff of the lever also has. 

Macdowall’s single-pin escapement (p. 104) was 
applied to some watches exactly in the same way. 
.They went very well, but the extra expense of making 
them jwas not found worth incurring. 

Horizontal or cylinder escapement. It seems 
strange that Graham, the*inventor of the dead escape- 
nfeut, should not have been the author of its adaptation 
to watches, and should have invented instead a very 
different one, in appearance at least, which is now 
almost as universally used in foreign watches as the 
lever, whicit you see originally oamf from France, is in 
English ones. The wergfc of the balance is expanded 
into a comparatively large hollow cylinder in the 
middle, large enough to hold both a tooth of the scape- 
wheel and a short stem* on which each tooth stands ;*and 
about 150° also Of the siejp of the cylinder* cut dway, 
leaving the shaded portion A B in this drawing ; in which 
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the tooth B b has just escaped, giving the impulse to the/ 
balance by its oblique face acting on tfae edge of the 
cylinder as it passes out. The point of the next tooth 
Ah then falls on the outside the cylinder, just as a 
tooth in a clock escapement falls on the dead face of 
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the pallets, and it rests thefreNtill the balance returns, 
and then the outside of that tooth begins to give the 
impulse qntil it escapes into the inside of the cylinder 
and is stopped there as at D, till the balance returns 
again. The inferiority of this to the lever escapement 
istevident, inasmuch t as the balance is always ‘subject to* 
the friction and pressure of tHb teefcly and jnoreover if 
the staff of the balance gets’bfqjten by a fall it is 
expensive to replace with a new one, which it is not in 
the lqver. In the best watches th® cylinder iq made of 
a rubj*, and the wheel is generally made of^eel, iqstead 
of brass as ih’the other escapements. 
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^ There k a French escapement rather like this, called 
the virgule esc&pement, in which the teeth are in the 
plane of the wheel as usual, with small pins rising from 
them near the points, which act on a hollow cylinder, 
'smaller than in the horizontal escapement. At one 
beat of tfie balance a pin only passes froth the outside 
to the inside of tl^j cylinder without givingjany impose. 
At the other beat the^enferging tooth acts upon a long 
, impulse free or pallet added to the cylinder and gives 
the impulse., I believe they are very little made. Jdhst 
of'the foteigu watches have the horizontal escapement. 

Duple* escapement. This is probably so called 
because the scapewhedl has two sets of teeth, one for 
the locking and the other for the impulse. The 
inventor of it is sot known. Its action is peculiar and 
requires some attention to understand it. It is even 
more distinctly than the last, a single beat escapement, 
for the scapewheel .only moves sensibly at every other 
beat* i.e. at evejy vibration of the balance in one 
direction* only : not that*this makes any difference in 
the time of revolution of<*tKe scapewheel, because in all 
double beat escapements only half a tooth-space passes 
the pallets at each beat, whereas in the sipgle beat 
dScapements a whoje space passes, or one £ooth runs 
immediately into the place occupied by the previous 
'one: the 'effect df which is tha| in a duplex or* a 
chronometer escapement the Scapewheel almost looks 
as if it did not jnord dt all. Yv is the verge of the 
balance, which is made of a ruby and has a nick in it 
through jrhieh the long teeth of the scapewheel can 
pass one q| | them is represented as jqst escapiri^, and 
at the same moment one of the impulse pins S is just 
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ready to act upon the tooth or pallet P on the verged 
and so to give the impulse to the bahmce. By the 
time S has got to /'the next locking tooth B has fallen 
u$o^ the verge and is stopped there as shown by the 
dotted line iv. When the balance retmcps, the nick 
slips past the*tooth bv, and th$*balanee goes*bn till the 
pallet has ant into the#position p, with the nick quite 

Fig. 59- * 
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beyond thtf tooth, and then the balance comes back again 
in the impulse direc^on j the tooth enters the nick and 
the escape begins, the impul& pins proving from s to 
S and from T without giving .any impulse, except 
the small amount which the balance receives from the 
long .tooth acting on tbte nick in the verge until it 
escapes in the position V as tyefore. The balance here 
is never free therefore, as it is in the lever escapement, 
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Shut the cylinder on which the friction takes place is 
smaller than in' the horizontal escapement, and what is 
of still more consequence, the impulse is given directly 
across the line of centra in the most favourable way, 
which constitutes the peat 'merit of the» escapement, 
and makds it rank nex£ to the chronometer or corn* 
pletely detached escapement* which L| shall pert 
describe. t But it requires great' 1 accuracy of con- 
, str&ction, is liable to stop from any sudden twist of the 
watch which, prevents the n balance from once swinging 
fa£ enough for the nick to clear the tooth, and on the 
whole it steems to be going out of use, as being neither 
so cheap nor so safe as the lever, and not so good as 
the chronometer escapement, which is used in all 
watches requiring very great accuracy. 

Chronom'eter, or detached escapement. The 
principle of this escapement, as < of the lever, seems to 
have been invented in France, by Julich le Roy; but 
also Jike the lever t it acquired its now standard form in 
England,* under 'the improvements of the first Arnold, 
who died in 1 799, and Ealmshaw, the latter of whom 
appears to have beaten with his ordinary chronometers 
the picked ones both of Arnold and his othep rivals of 
that time, such as Brockbank, Emery, and others. The 
second Arnold, who died in 1842, was as different from 
the real chronom'eter man, as many sons are from emi- 
nent father^, and jpyed Ais reputation first to his name 
and afterwards to Jifc partnership with the late Mr. 
Dent, who told me that the business had Men so low 
as to* be % losing one^vhen he*joined it. After Arnold’s 
death, it came into the^ hands of Mr. G. Frodsham, 
under whom I have no doubt it has been very successful. 
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It should also be known that Earnshaw was the first? 
watchmaker who had sense enough to ‘set at defiance 
the vulgar and ignbrant prejudice for 'high finish' of 
the pon-acting sur- 
faces and ter leave # Flg . 

them * in the grey/ • 

as it is called. But 

* so long as smooth* * ihiSBfcc^^ga 

work which every- * 

body can sep is • ? 

easier than accui ate JjjjC 

people can judge of, < ^ 1| 

watches like other | lilV U 

things will be got 1 * \|V If 

up for show. Old L , V p^nu 

Mr. Dent used* to ,J | \ ' | 

say, * We must work i u| | |j aPMpipSSIllBBlllll|l. i\ ® ' 
for the fools/ Ne- v Jy\ I 

vertheless in large ^ I'J 8 j 

clocks w e have got ' ■ jU m 

nd of this folly to, i 1 yjJW n 

a great extent, and ; i|| ^rfWr j| 

convinced • people <■ « 

that painted iron JB ™ jjfpr | 

can go better and « j 

last longer than po- » ]“ 

lished brass, when ff^Jp 

the work is pro- HIP 

. perly* constructed. * » j • 

Thjs drawing, (fig. 6o) slfbws the form in which the 
chronometer escapement has now been made for many 
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Sear*. The verge has a small tooth V upon it which 
poshes aside a lever or detent V T D as it passes in one 
direction, but can pass the other waj'without moving the 
detent, by merely pushing aside a very slight springy T V 
set on the end of the detent, which is therefore called 
the passing spring. The detent is attached to the watch 
frame by a spring at D, like a stiff pendulum spring, so 
as to avoid the friction df any pivdts, as its motion is 
.very small, and it has a fctop T against which the teeth 
of the scapowheel arc stopped as soon, as the escape 
hah .taken place. It then rests itself against a pin E. 
The impulse i» given exactly as in the duplex escape- 
ment, by the scapewheel teeth A acting directly on the 
pallet P projecting from the* verge, although their form 
is rather different. The impulse begins as soon as the 
tooth V has* unlocked the detent : it is shown exactly 
in that position in the figure. , The detent stop is a 
little undercut for qpf^ty, as the pallets are in the lever 
escapement, and is always made of a jewel in good 
chronometers, and so it the impulse pallet. 

It should be observed that both in this and the 
duplex escapement, the pallet must not really have 
arrived quite in front of the impulse tooth at .the time 
when the unlocking, takes place, because tbe wheel takes 
a. little time to get into motion, whereas the* balance is 
in quick motion at Vbat time and frould therefore have 
run away frpm the^tooth of it were not given some start, 
as we may say. If «il tore drawn in a picture as it 
really is npade, it would look as if it could not act, 
and therefore I have drawn it'not exactly as it is. • 

Thu chronometer escapement has bpen made the 
duplex plan, of long teeth for the locking and short for 
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the impulse, but I suppose there was not found to W 
any appreciable advantage in it, as it has never been 
generally adopted. • 

"Lever Chronometer escapqpient. This is a com- 
bination of .the lever and the detached .escapement, 
which has been several times reinvented. , It is not m 
much consequence who was the first inventor^ and I 
can only say that Z am told'’ by Mr. Arnold of Baker 
Street, who brought me somepof these watches to look, 
at, that there is a notice of the invention, by # man named 
Savage many years ago, in the Society o£ Arts’ Trans- 
actions. Mr. Dent had also had rfome qjade, bat gave 
them up because he found they were inferior to the 
common chronometer. Mf. Arnold says the same, but 
says also that he has found them less liable to stop from 
careless wearing, which I can believe, and that they 
require less delicacy of construction, and can therefore 
be made cheftper. They certainly avoid one defect of 
the common chronometer, viz. £he unequal action of 
the weight of the detent, which resists the nnlocking 
in one position, helps it in another, and is indifferent 
in a third, and also when the watch is lying fiat as* is. 
box chronometers ; which is another reason in favour of 
them. Thp action is this. The pallets AB (in fig. 6a), 
which look like the lever escapement, only just lock, 
and have no impulse. The balance is here represented* 
at the moment of unlocking A an<^ the impulse going 
to begin at C, exactly as in the t^mmon chronometer. 
By the time the impulse is finished the tooth now 
between A and B will arrive at pallet B and be stopped 
there.* As the balance returns it will unlock B, .which 
lets the whfeel pun a very little, just enough to carry 
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'•that tooth past the pallet into the position shown in 
fig. 6 1, and transfers the locking to A again ; and this 
is what corresponds to the passing of the passing spring 



in the chronometer. Things are then agaip in the 
condition ready for ^ the unlocking of A and, giving the 
impulse as before. This is also analogous to tho French 
virgule escapement in wasting a little of the motion of 
the wheel in passing fr$m one locking to the other 
without any impulse. * * 

Remontoires. The escapement for which Mudge 
received ihe parliamentary Reward I have already 
spoken of, was on the rfmontoire principle, and* there 
have been others on the same principle/ But they 
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hare never coage to any good, and I do not believe they 
ever will in watches, although I have myself helped to 
introduce them into large docks, where it was pro- 
nounced equally certain tha£ Jhey must fail. But tfce 
conditions are essentially different in so rpany respects 
that no inference can be dra^n from*one which can be 
of # any use for' the other. It is sufficient to say that 
the friction of the train and dial work is the great 
source of variation in large docks, and that the pen-, 
dulum arc varies very little •„ while the variation of the 
arc of the balance in a watch is very lange indeed 4 in 
different states of the oil and in different positions, and 
nothing is more requisite to impress on horological 
inventors than this, that 'nothing more complicated 
than what is now in use has the smallest chance of 
being adopted. And for that reason I do not think 
there is any other of the numerous escapements which 
have been pliblisli^d or exhibited at various times, 
which it is worth while to increase the size of this Jbook 
by_describing. 

% 

REPEATING WATCHES. 

I understand that repeaters have so completely gone 
ont of nse*that there are no English workmen now wl}0 
even profess to make them. In watches a» in clocks; 
all these multifarious indications of time seem to have 
gone out as greater accuracy .has come in ; and it is 
certainly true that time-keepers which profess to 
perform many feats generally perform them all ill 4 and. 
frequently Require mending to make them*go at all. 
I shstll therefore merely indicate the general nature of 
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tfhe machinery : fall descriptions of it may be found in 
Reid's book and in Rees's Cyclopsedia. Watches were 
never made (so far as I know) to strike spontaneously : 
bpt pushing in the hap^le knob was made to wind 
rip the spring of a striking* part to such an extent 
as the position of the dial-work allowed it to go, 
as I have already described under* the striking 
work of clocks: and the'watch than struck the hour 
either on a flat bell orVs ring surrounding the works 
like those spiral springs <91 which small clocks some- 
tinfiejs strike,, and the “quarters and perhaps a half- 
quarter afterwards, on two other rings, or on another 
less sonorous part of the hour-bell. 

t 

, iEYLESS WATCHES, &c 

A watch may be made wind without a key in 
several ways. One plan is to put^a kind of gathering 
click to the handle knob, which pushes in and takes 
hold of a ratchet set on thfe barrel, or the fusee if there 
is one, and winds it up as you pull the handle out 
agdin. But this was very liable to get out of order, and 
was also objectionable because it pumped air into the 
watch which produced condensation of moisture ; and the 
following plan (fig. 62) was invented by a foreigner and 
has been for some years used by Mr. Bent, and lately 
by some other makers : 6 is a wheel set on a ratchet 
on the barrel arbor, so*tkat it will only turn the barrel 
the right way (there is not rqom to introduce this 
mad^nery in fusee watches of the common size) } g c in 
the le(t hand figure is an intermediate oblique bevelled 
wheel between d and a pinion b ou the* handle. It is 
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evident therefore that if you turn the handle a the rigl# 
way you will windup the watch, and if you turn it the 
wrong way you will do no harm. 

* But be^des this you cqp, set the hands by the 
handle j fon there is a sihall wheel e on the hand arbor 

« * 0 a. 


Fig. 6!. 
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with another / by the side of it on a lever fgh, by 
which thqt intermediate wheel can t bc thrown into gear 
with d as Veil as e. the lever coming through the ride 
of the watch-case ; jind then it is clear that oy turning 
the handle either way jou can turn Jthe hands. If yoh 
have to turn the same way as kernes to wind the watch 
yon do also wind it a little (and therefore if it w fhUy 
woupd you cannot set the handsitliat way) j«but if ' 
other way,»thqp you do x»t # move the barrel, *s the 
wheel d slips on the ratchet. 
t* 
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* The advantages of this mode of winding and hand* 
setting are that the watch has never to he opened, which 
lets air and dust in, and also that 'the inner case or 

* dome * at the back 06 rthe watch is saved, which 
reduces the bulk and saves enough in cost to pav for 

a I* f * * 

the extra machinery. 

(The winding ratchet is analogous to that contrivance 
of Breguft’s, the xno ( st Celebrated 0 of French clock* 
makers, called the tipsy® keyj which has its handle 
connected with the pipe *by two ratchets which fit 
closely into each other and are held together by a small 
sniral spring ;«nnd if you turn the handle the wrong 
way one ratchet only slips over the other. They are 
chiefly used with foreign watches, which are more easily 
strained than English ones. The best watch key is one 
with along stalky like a pencil, which you can twirl 
between your finger and thumb, holding the watch 
quite steady, instead of turning it half round as you 
are apt to do in winding with a common short key, 
which disturbs the balahce. 

Self-winding watch. -Isapoleon I. had a Watch 
which wound itself up as he walked, by means of a 
weighted lever with a slight spring under it, which 
danced up and dowji at every step, and had a click 
taking into a ratchet on the barrel. ’ 

P edo me ter . A similar lever may be made to drive 
4 train like a watch £rain;*but without any escapement, 
and tbcp it in fact rtdufits the number of your steps 
and indicates them on a dial. Yon can adjust it for 
the number of steps which you usually take in a pule, 
and then it measures the pittance you walk^ in a rough 
and approximate way; but it ought to he understood 
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that it is really nothing but § step-counter, and unlegs 
it is properly adjusted, and you are walking at the rate 
for which it is set, it is worth nothing for measuring 
distances accurately. * # 

STOP WATCHES. * 

w 

It is sometimes convenient to have the meartft of 
marking a short interval jjefveeen two Observations* 
with a watch, or to mark t^e exact timejof an observa- 
tion without looking off the thing yo\\ are. watching. 
Several contrivances have been invented for this, most 
or all of them involving some kind of duplication of the 
seconds hand. In one there are two seconds hands on 
concentric arbors connected by a. very weak spiral 
spring, and when you push in a pin one of them is 
stopped, while, the other jwill go oA for some seconds 
without thd connecting spring having force enough to 
stop the watch. But this is cfearly objectionable, and 
a better plan is to have tlfetwo harfds or i£eir ‘arbors 
connected by a sort of «ec$entric disc acting upon a 
spring which will bring them together again afrey a 
separation of not "more than one revolution, or half of 
one. Several watches, of different constructions, on 
this split-seconds plan were exhibited in 1851. 

There is also another perfectly different one, which 
enables you to mkke a marjc on the dial at the ex^ct 
time when you push in the pin at* the time of observa- 
tion. In fig. 63, I) D is the clial of a large watcl^ 
with the seconds hand E A B in the middle : the hand 
is double, and the lowej piece of it end£ in a little 
sp&on with some thick ink in it and a hole in Hie 
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bottom through which. % point from the upper hand 
EAB can pass* and make a mark on the dial. That 
hand is pulled down very suddenly 'by a lever D P C 
which slips over a stop P,o£a shape difficult to describe, 
being pushed in by the knob K, and is immediately 
thrown out V>f contact ag&in with the link A C, by means 
of which it pulls down the hand. If you want great 
precision of observation this apparatus should only be 
applied to°a double-beat <watqh, in which the seconds 
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a duplex or chronometer, in which there are only half 
the number of motions of the train. ' 

I am not aware that there is anything else of a 
rudimentary character, or belonging to the principles 
of clock and watchmaking which requires notice. 
Cjpse-making is not horology, and I have nothing to say 
about it, except that »the cases of what are called 
hunting watches, which fly open with a spring when 
you press the handle, cannot he so dose against air 
and dirt, al those whicli snag tight together, Persons 
who are afraid of breaking their watch-glasses may be 
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tolerably safe with * half buntuig watches* which hav§ 
only a small and strong glass in the middle of the cap, 
which may then fit tight, and need never be opened 
except when the hands waa£ altering. The closeness 
of the case, makes a gfeat difference in the time a 
watch will go without cleaning. They generally want 
at # least cleaning about every two years; thodgh very 
good ones, with all the escapement work jewelled find 
well made, will go 4 or 5 yews with no material uaria* 4 
tion of rate, which I think, may he regarded as ona of 
the greatest triumphs of mechanical art.. At the.sgme 
time it should be remembered that m letting either 
watches or clocks go too long without being cleaned 
and oiled is very bad economy ; for as soon as the oil 
is all gone wearing out of the pivots begins. 

Watch dials are either made of gold of silver (which 
soon tarnishes).or of coppor covered with enamel, which 
is a kind of *glass. m This belongs to a separate trade. 
It occurs to me just now that clock dials, both of 
bouse and turret docks, alight verf well he made of 
white glass like the Westminster dials, even when not 
illuminated. Such dials with black hands are Awre 
distinct than any* other kind, and if the black figures 
are burjjt in with black enamel, the dials would be 
everlasting t and never want painting. Some of the 
public clocks in ^Paris have enamelled dials, whjfch 
are far more expensive tbfin tlysse whije glasq dials 
would be. * * . 



HISTORY' OF THE, WESXMINSTEE‘^CIX)CI. 

' • <_" 

i 

It would be a natural cfuestion to vask how a clock ckn 
haven a histbiy, except ttfat it was ordered of a elockmaker 
and made, and that it has gone either well or ill, as the 
case may be, *The first clock at Westminster had a rather 
remarkable Jiisiory, to which I have alluded already, Having 
been paid for out of a penalty on a corrupt Chief Justice, at 
the end of the thirteenth century ; and perhaps the motto 
on ^he sun-dial on one of the houses now opposite West- 
minster Hall, * Diec%te just i Ham month * may have descended 
from that event. There was a great bell there too, accord- 
ing to some accounts nearly as large as the present one. 
It was afterwards translated to the* new St. Paul's Cathe- 
dral and there cracked ,very soon, and recast twice within 
a few % years, and wjth no great success at last. Whether 
the clock struck upon it I da* not know. If it did, it would 
probably be very feebly, a$ I* cannot ascertain that even 
nova there is any other clock in the world which raises a 
hammer heavy enough for such a bell. * 

But although the new Westminster clock has no such 
history as the old one, jt has a very singular history of its 
own, Which I am assured many persons want \o # see in an 
authentic foSm. It naturally divides itself into two distinct 
ppriodt of about eight years c eacli, in the first of which I had 
nothing to do with bhe business, and consequently derive 
dearly all my knowledge of it from the parliamentary 
papersj but in the Second period I have had a great deal 
to do with it, and hnoWtnuch moire about it than has been 
hitherto disclosed, or can be by anybody elsg. * \ 

Loan duumro Chief Commissioner of tPorks.-r-The 
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official correspondence about the clock began in AjpiSf 
1844, by Sir Charles Jthen Mr.) Barry* writing to the 
Commissioners of Woods and Forests, who then had the 
management of her pSiiyesiy's public buildings* that 'the 

• time had amved when it was S&cessary to have the sped** 
‘fications, drawings, and estimates prepared the clock, 

‘ in order theft' the tooth of the tower tnffht he e dbried up m 
‘ accordance with the necessary arrangements for the weights 
‘and Machinery ; 9 add recommending that an offer from 
Mr. Vulliamy, which he enclosed, should bf accented. 
That ofler was to prepare the plans and specifications and* 
working drawings for a clock with such'di&B and bella^as 
the architect described, for 100 guineas if l)[e had the 
making of the clock, but for 200 if he had not. The Com- 
missioners without further inquiry authorised Mr. Barry to 
engage him to prepare a specification and estimate on those 
terms. Eight months afterwards Mr. yulliamy Wrote to 
say that he had only just observed that he was expected to 
send in an estimate as well as plans, and that that was not 
included in hi$ offer, and he ^objected to do it. No official 
answer appears to this letter ; but,in # the next letter which 
he received, some months after, it was again incidentally 
mentioned that an estimate waa expected. He s^ill refused 
to send one, though it afterwards appeared that he had 
made one ‘for his own satisfaction,* and that it amounted 
to 3605?., including the sum he was to have for the 
drawings. 

Before «Mr. Yulliamy had completed his plans the first 
Mr. Dent •applied to the Commissioners to be allowed to 
tender for the clock. He was told that he should, as soon 
as the plans and specification ayere ready. But Mr. Yul- 
liamy's plans were exactly what ,b^ nSeftnt to have nothing 
to dp with, and he very properly replied * that he should b* 

* degrading himself to the level of an executive mechanic 9 
if ha consented to make ttte clock fimm the plaag of another 

* $ is prop&to state that all th!fe history of the clock sad Mia wash* 
type, subject to oorreoUous of the proofs only, before ffir ft Barry’s death* 
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person in the trade, though he shorfd |>e quite ready to 
fojlow any instructions of the Astronomer Soyal or any 
authority equally eminent, *0 he had 'done in making the 
Royal Rschiauge clock. „ > > 

• This seems to bate opened the eyes of the Ccmraissidaera 
ie the mistake they were drifting into j for Lord Caauing 
ebon aftpr" wrote to the Astronomer Royal 'and asked him 
what course should he adopted * in order that the clock 

* ought be the very best that the skill* and science of the 

* country could supply/ Mr. Airy replied that a similar 

question had been put to him respecting tbe Exchange 
dork « few fearS Wore. ‘ He said that there waa no 
markfet, or 1 *, no such thing as a general competition for 
docks of that unusual size and character, and that he had 
recommended a limited competition (which is sufficient to 
secure the price being reasonable) of those whom he then 
believed to be the three best makers in England, viz. 
Hr. Dent, Hr. Yulliamy, and Mr. Whitehurst of Derby. 
That it had ended in Mr. Dent being selected without any 
further intervention of his, and that Mi*. Pent had not 
.only carried out all hi^. instructions*>but had made some 
judicious improvements of his own, and the result w«b a 
dock which was Superior to most astronomical docks in 
accuracy, and he had no doubt, was the best public dock 
in the world. If any maker was to be selected at once, he 
therefore recommended Hr. Dent, provided he asked a 
reasonable price. < 

The consequence of this was that the same three makers 
were invited to compete for making the Westminster clock, 
subjept to certain conditions laid down by the Astronomer 
Poyaia. to the gerieral natiure of the' ccmstructioif and the 
accuracy of ‘the performance ; which it is unnecessary to 
'reprint now in oonseqifenoe of the turn the business took 
befearq the dock was made. They*were printed in the font 
•editian Of £fcis book. But still h singular distinction* was 
kept up between Hr. Vtdlkmy sad the others 5 for k was 
communicated with only through the architect, and!' was 
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moreover told that ha was at bbwfcr to suggest any, depaj* 
tore from Mr. Airy'* emditie^if be fpr reason to do so. 
And that liberty he was not ilow tease; fiar>M objected 
to every one of the conditions of eansrtyuetH* whkh did 
aot^gree *ith his own previews pwda»e te'i»t»eh««ia% 
cl|eks ; and pronounced the conditions rtf accuracy of pen. 
formance impossible and #bsur|»* sad fopetenif It after the 
publication of Mr. Aiiy’s letter saying they had been 
actually satisfied in.the Exchmige dock; of white letter 
there was a formal complaint to tee Commissioners that he 
had got a copy in some mysterious way before it wss'pub* 
lished. He also objected to the propped central ever the 
work by the Astronomer Eoysl on the ground that hWAtfr 
showed that he Was prejudiced itf favour of 1 Si, Dent. % 
short he refused to compete at all on the proposed teams, 
but went on with his original plans as if nothing of this 
kind had happened ; and he ultimately sent them to the 
architect, with -various papers of remirks on Mr. Airy’s 
conditions, of objections to him personally* of reflections 
on Mr. Dent {who for some probably good reason was 
regarded thrdughou^as his only formidable opponent), and 
of his own claims to be employed oh his own terms. Aty 
which was duly transmitted to t^e Commissioners, and by 
them to Mr. Airy with the £wo other tenders. 

Mr. Whitehurst and Mr. Dent agreed to all the con* 
ditions, and their tenders were respectively 3373?. "and 
1 500!., exclusive of some magnetic apparatus which was 
then proposed to be added. Mr. Airy said he could not 
account fer the astonishing different between tee tenders, 
except on the ground that Mr. Dent had better means' pf 
making such a deck then Mr. Whitehusst, and was 
probably willing to do so mote with* view 4 o distinctefn 
than profit. Although he eaftsui«red it impossible that 
Mr. TuHiamy could be^employed, in the position which Bo 
had assumed, he reported on his^plans, and summed up 
his opinion nf them by saying that they were the ’plate <w 
‘ a huge viUage’elock of very superior character ted gWbt 
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(.strahgfch, but failed altogether in delicacy,’ $» all the 
provisions pa which accuracy of going depends, especially 
in a very large deck. J shall have wore to my about this 
design hereafter, in consequence of the renewed attempt 
tp fence it upon the govurwpent after my' connexion 
with the work began. A wdl known ClerXemvell Ipn, 
who said they bad 1 made jpoo turret clocks in 10a years, 
applied rfbout this time to be admitted as competitors ; hut 
the)/, like Mr. Yqlliamy, did»not profesp to comply with {he 
Astronomer Boyal’s published conditions, either as to con- 
struction or accurac^of performance. 

Alton Mr. Airy’swport upon the plans, in May 1847, 
Mr. Whitehurat disappears out of the business 5 and there 
can be littlh dopbt that he would have equally disappeared 
if Mr, Pent and the Astronomer Boyal hod been got rid 
oft for it would bare been uiged with some force that it 
was not worth while to reject Mr. Yulluuny for the sake of 
the insignificant difference between his 3605 1. and the 
3583I., the amount pf Mr. Whitehurst’s tender + the 210/. 
which would then have had to be paid to Mr. Yulliamy for 
not employing him ; no such arrangement having been made 
for the benefit of either of the other competitors. 

Potto tyjUiiSLB ‘ Oompiis/ioner of Works. — What then 
wan done by the Board of Wqrks upon this tolerably deci- 
sive report of their own referee ? Nothing. Lord Carlisle 
had handed over to three ( special Commissioners,’ the late 
LordPe Grey and two other gentlemen whose names do 
not appear, what was called the superintendence of the 
works at the Houses df Parliament ; and they were advised 
by somebody to report to the government m 184$, 'that 
‘ there was no prospect thaq of any definite period being 
"fixed at whkh the tower Mould be completed to aueb an 
i extent w i to require a»deeision on the subject of the person 
* to be. employed to make tbe clock.’ How thou was the 
intenM wall question settled, fer which tbe plane of tlic 
clock had lieen required by the architect ? If VuHlapy 

told me the truth (which TL hare no reashn to doubt), it 
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w«s settled by budding the 'walls to wit his plans ; ant 
he confidently added (as he afterwards Admitted in one of 
hie printed papers)— 1 Mr. Dent will never make that 
aleck,’ How that prediction failed, I have new to relate, 
leaping ovlr a considerable Ifiteml in which nothing 
was none, i&to what I called |he second ^gpriod of the 
histotjb • • • • * ( 

# Lobd SnTMoxm Gommitsioner. — Towards the end of 
1851 Lord Seymour, now Hake of Somerset, then 
Commissioner of Works, (whiqji hid just been stvered/rem • 
the Woods and Forests) wrote to ask me, on the recom- 
mendation of the Astronomer*Royal, to act frith him in 4 >he 
management of the dock business. I bad vprious'lnter- 
views with Lord Seymour about it, and examined the plans 
of 184.7, or rather such of them as could be found 4 for 
some of Hr. Dent’s and all* of Mr. Whitehurst’s had dis- 
appeared, and some had been damaged, while Mr. Vulliamy's 
were quite dean and perfect. The descriptions of them 
all however had been printed. I was soon convinced that 
none of those plans wpnld Bo, Mr. Yulliamy’s had been 
already condemned by the Astronomer Royal, and 1 should 
have gone farther than he did in the^ condemnation^ for a 
reason which will appear jfipaently. * Mr. Dent never 
appears to have been informed of the intended size of the 
great bell, which governed the* construction and site oij all 
the striking work;. and consequently his dock was fbo 
small fqy a bell of 14 tons, which weight is distinctly 
specified ip Mr. Vulliamy’s papers, and seems also to have 
been Communicated in some unofficial way to Mr, White- 
hunt, though not at all to Mr. Dent. I do*not under- 
stand how that stAnge discrepancy between the plates 
escaped the notice of tite Astrctqpifteb Royffi, who seems 
neither to have observed thal Mr. Dent’s dock only 
professed to bo calculated for a 7b ton bell, nor that Mr. 
Yulliamy’s, which professed to be calculated jfor c me of 
^ 14 tops, only provided for jp hammer very little heavier 
tbps* those e? the St. Paul's add Lincoln hells, which am 
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Slot 14 tons, but 5. I suppose Hr. Airy directed his atten- 
tion chiefly to thS provisions for securing accuracy of time- 
keeping ; and he afterwards expressly declined having any- 
thing to do with the bells as being out of the range of his 
experience, ii ev erfhelcss 41 tfe is the person selected by the 
present Commissioner of r Works, Mr. Cowper, to advise 
upon thpm, and (foes nob appear to have decliied the 
coipmission. t 

Moreover, in that interval from to 1852, various 
improvements had been Introduced into the construction of 
laige clocks, chiefly through Mr. Dent, which we agreed 
this clock ought to possess.'’ Above all I was convinced 
that the £%siness could not be efficiently carried <5n upon 
the circumlocution office syatem which bad been followed 
before ; when Mr. Dent had to write to the Commissioners, 
and the Commissioners to the" Astronomer Royal* and the 
Astronomer Royal to the Commissioners, and the Com- 
missioners back again to Mr. Dent, to settle such points as 
whether the dial wheels were to be adjustable by tangent 
screws, or the barrels tapered, 'and so forttf: all which wopld 
be much better settled py Are minutes’ conversation at the 
factory at the proper time. I knew that it was impossible, 
and if posoiblej that it VrcmWl be absurd and mischievous, to 
prescribe beforehand a definite design for all the details of 
suqh a novel machine as ‘this, with such an unparalleled 
combination of great rise, and therefore great weight and 
friction of the parts, with extreme delicacy and accuracy of 
performance, and I pas determined not to undertake it 
on that footing. * • . 

9 The resctlt of this was that Mr. Airy and I proposed to 
Jjprd Seymour, and he agreed, to ask Mr. Dent for what 
Jkfeto e upon his fbfcther tender he would undertake to 
iSpbsohh a clock as We then described in a very general . 
fSty, pn the understanding that he was to do everything 
’which we pngfat coacas> i*'s©rder£ng, and that the whole was 
to be subject to oat approval, Of course suqh a contract 
as that could only lie made by a person who had full ppa- 



OHDEEED 0? ME. DBNT. 


S*7 


fidence in hi# referees, and knew that they were not like$ 
to impose anything unfair upon him, ana who also felt so 
much scientific interest in the work as to induce him to 
run considerable risk of having to do more than anybody 
couid then foresee.. Luckily afi these conditions concurred, 
and Mr. Dent Offered to do thw work on those terms for 
1800 1 ., or just half the amount s>f Mr. V uDiamy's jsstimate. 
Lord Seymour at once aoeepted that offer and gave ^tr. 
Dent the order for the clock, sf few days before he left the 
office of works in February 1852*; and most fortunate it 
wis that he did so, and put the matter beyond revocation 
by his successors, as will presently be seen. * • 

Loan John Minnehs Commissioner. — tbe/first ‘thing 
that occurred after the clock was ordered does not appear 
'in the printed papers, but is not insignificant as an intro- 
duction to what does appear? Mr. Dent and Sir C. Barry 
were both told by Lord Seymour that the architect was to 
give the cloekmaker such information as ho might require. 
This the architect interpreted to mean that the cloekmaker 
was to give hyn Vorking drawings of the dock 5 at least he 
immediately sent for* Mr. Dent and demanded them. He 
replied (according to the account he gqye me the samp day) 
that he had no working drawings, and* did not expect to 
have any, but only such sketches from, the referees, or 
one of them, as would be sufficient for his men to wnyk 
from, with such personal instructions as they would ilso 
have ; and besides, it was no part of his bargain to be at 
the expense of making drawings, fo{ which Mr, Vulliamy 
had received 200 guineas. And so he referred the architect 
to Mr. Airy and me for my information he required. * 
Accordingly Sir £!? Barry asked us to meet him at Wesfc 
minster, which we did on the aaad.dfihf&tch 18 5*2, and showed 
him the design of the dock so for a! it was matured. We* 
then learnt for the firdk time that the internal walls had 
been already carried up ndhrly to the level of the diahron ar 
plan sprite inconsistent witls that design, although.it had; 
been* sent to* him by Lord Seymour before it was proposed 
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to Mr. Dent, for the express purpose of ascertaining whether 
there was any architectural objection to it, and Lord 
Seymour had had no answer. However it did not follow 
that the contract must be given up ; for I told Sir C. Barry 
that we should get over that 'difficulty by the exercise of, the 
power wo pof'sessedj of altering the plan as we thought fit. 
Mr. Dent thereupon asked for and was allowed an additional 
1 oqh, because the necessity for a different and more expen- 
sive plan was caused by no alteration of our opinion, but by 
t the State of the tower, ol‘ which wejiiad not been informed 
at the proper time. 

I shall ^eep*the history of ‘the bells distinct from that of 
the clock, &id therefore I only say of the internal walls at 
present, that the shaft or well provided for the clock is 
inconveniently narrow in the direction of the length of the 
clock frame, while it is so much too wide the other way, that 
part of it has to he built over, and the north and south 
walls cut off in the clock-room, or nobody could have got 
to wind up the clock. And the addition of that superfluous 
space to the adjacent air shaft* or moving the wall between 
that and the clock shaft eastward by only its own thickness, 
would have avoided /ill the difficulty and much of the cost of 
hoisting the successive great bells up and down the tower. 
At that time too it was intended to put the staircase in the 
clpfk shaft, which is 174 feet deep in the middle of the 
tower, perfectly dark, and entirely without fresh air, except 
such as you might take in with you when you opened the 
door at the bottom. This 1 did get altered, as the staircase 
was fortunately not built $ but even then it was ‘put in the 
only dark ‘corner of the tower, and has to be lighted with 
gas up to the level of thp general #o<jfs of the building. 
To be sure, it has the advantage of a number of windows 
"opening into the chimfiey called the air shaft, which is itself 
dark and is filled with the fumes < 3 f the ventilating fire of 
the Houses of Parliament. As*' the scheme for extending 
the building westward from* the dock tower is hrppily 
stopped, and tljat now bnck side of the tower is to be 
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finished, there may he some chance of the staircase beingf 
indulged with windows, and possibly some of them may be 
made to open into tbe air of Palace Yard, and not into the 
fqul air chimney of the Palace. 

Tjie nexlf move in the gaute # was this. Mr. Aifry had 
declined to have anything to do wjfch the bellsjand had gone 
abroad a few days after our •interview Writh Sir* C. Barry, 
leaving me full* power to act for him. I therefore wrote 
to Lord J. Manner§ to urge Jbhe importance of ordering 
the bells, or at any rate the great Bell, as soon As posable, ' 
knowing that they would take a'long time to make, and that* 
we •should be very much in the dark as to the construction 
of the striking part of the clock until we saw ^|Hat wight 
of hammer a bell of 14 tons would require. , No notice jjas 
taken of that letter ; but exactly a month after it I was 
asked to meet Sir C. Barry* and Mr. Dent at the office of 
works ; and then this took place. The Pirst Commissioner 
opened the business by telling Mr. Dent and me that he 
bad been advised that a mistake had been made in sanction- 
ing a contract far making the clock with the large wheels 
of cast iron instead o£ brass or gun metal. As our specifi- 
cation had not then been published, it seemed rather strange 
that anybody who knew or care^ anything about ]jrass clock 
wheels should so soon be in ^ position to offer advice to the 
Board of Works about it. Moreover it so happened that 
this substitution of iron for gun metal wheels had hj&i 
expressly stated in our specification as a reason why Mr* 
Dent should not demand any great advance upon his old 
tender, although the clock was to be made much larger. So 
if the iron wheels could. be upset, there was another verj* 
fair chance of gettingfrid of Mr # Dent’s contract. But fair 
as the chance seemed, it, tailed agaip. • fie and I had very 
little difficulty in demolishing the brass wheel nonsense;* 
and I well remember Lord J. Manners turning to Sir G* 
Barrjand saying, 4 Then I suppose w© must be conten£,with. 

4 the <$st iroty,’ and he did no£ attempt to argue that point 
further* • • * • 
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* But there was yet another gun to fire, which was 
evidently thought much heavier than the brass one. The 
Chief Commissioner then informed ua that he thought it 
essential that some more referees should be appointed, 
including some civil engVtieer^ and the architect Allien 
the matter reached this joint it was difficult to preserve 
one's gravity. Mi. D|nt (V h&d contracted tc make for the 
fixed sum of 1900Z. such a clock as the referees might 
impose upon him, with no protection against their extrava- 
gance or miscarriage, elcegt his confidence in their reason- 
ableness, experience, and skill in designing clock-work; 
and this it was seriously proposed to alter into a mixed 
commission, consisting of the architect, who did not profess 
to^Jmow anything of clockmaking, and had recoinmeuded 
another maker, and of a number of other persons who 
might be eminent in other Ways, but would probably have 
to experimentalise in clockmaking at Mr. Dent’s expense 
before they <could be of any use in such a commission. 
However we did preserve as much gravity as we could, until 
we got into the street 5 and We wej e rather helped to it by 
the solemnity with j which we were #J assured, when other 
arguments had failed, that ‘ it would be more satisfactory 
4 to the (Government aud^he House of Commons' if we 
would consent to that revision of the contract. But we 
were not moved, even by that awful warning ; and so we 
mired, leaving t|ie new Commissioner of Her Majesty's 
Works and his architect to console one another as they 
might. ^ ^ 

. But the opposition tactics were not quite exhausted yet. 
'A few weeks afterwards I received a copy of a parlia- 
mentary paper entitled, {The Memorial of the Master. 
^Wardens, 'and Cealrt^of Assistants of the Company of 
‘ 1 Clockmakers of the City of London, to the Bight Honor- 
able the Commissioners' &o., on the subject of the great 
, cloqft for Jhe Houses pf Parliament. The authorship of it 
was transparent enough, an<| indeed Mr. Vulliamy ^id not* 
deny that it was his, whether with or without some* other 
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aid, I do not pretend to say. J^s may be supposed! the* 
object of it was to get himself and the Bort*of committee he 
wanted, * specially including Sir 0 . Barry ’ and some of the 
clockmakers themselves, substituted for Mr. Dent and the * 
Astronomer Royal and me, or afif thing as near thereto as 
the Comm issuers could managp for them*., But. these 
ingenious gentlemen forgot that parliamdhtary paj>efs are a 
dangerous game* to play at, unless you have a case which 
cannot be spoilt by answering, or is safe not to 1>e 
answered. The only effect of th# ptiblication of fhe Clack- 
mabers’ memorial was to produce an answer to it in a fey * 
days, which distlbsed various tilings which w<ftild otherwise 
have lain quiet, and silenced the anti-Dentinb confederacy, 
and left old Mr. Dent to go on making the clock in peace*, 
for the short remainder of his life. These documents are 
too long to print here : anybody who is curious about such 
things may find them all together in Parliamentary paper 
500 of the year 1852. • 

Sia W. Molesworth Commissioner.-* Mr. Dent died in 
March, 1853 ; and there, was Sgain a new Commissioner of 
Works, who might be induced to try hjs hand at upsetting 
the contract if some plausible ground coyld be presented to 
him. So presently ensued this'reaiarkalfle concurrence of 
events. On the 31st of May 1853, the second Mr. Dent 
wrote to the Board of Works* saying that no progress 
seemed to be making with the tower, and that therefore &e 
could not # be responsible for the clock not being completed 
and fixed the specified time in 18^4. This letter was 
naturally oemmunicated to the architect ; and a few days 
afterwards, Sir W. Molesworth told me that 8ir*C. Barry* 
represented himself t fi be waiting for the clock; and he % 
made various inquiries about Mr, IJentfs progress with it 
and his capacity to finish it. 4 9 

The statement that the architect was waiting for # the 
clock was so manifestly abMrd, from tire visible stpte o&the • 
* tower, ^hat it; is only charitable to suppose that Sjy W. 
Molesworth ksCd misunderstood mm. At any rate he was 
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speedily satisfied that that was impossible. Bat I after- 
wards discovered, though not for two years afterwards, when 
the next batch of Parliamentary clock .papers was published, 
that at the very time when the Chief Commissioner was 
•inquiring of me about *Mr. Dent's progress and ability, 
his secretaries were getting legal opinions'' whether they 
could not repudiate the /contract altogether. The Crown 
lawyers at first gave an opinion that they could, and Mr. 
Dent was written to with <that pleasant intimation, accom- 
panied with the benev 61 eqt offer to make a new contract on 
q different footing. But he could consult lawyers astwell 
as the Boarcf*of Works, and he sent in a statement of his 
owfi, anc^ said plainly that he did not believe any such 
•opinion had been given with full knowledge of the facts. 
The Attorney and Solicitor General were therefore con- 
sulted again ; and Mr. Dent's statement being admitted to 
be correct, they gave a different opinion, which made the 
Board abandon that creditable attempt at repudiating a 
contract inherited by a man whose competence to execute 
it they distinctly admitted, And wjio had*been spending his 
money upon it for months without a word of intimation 
that it was intended to repudiate it. 

Still rfchere dfeemed. another chance for them. In 
November 1853 Mr. Airy resigned the joint superintend- 

£ ee of the work, which mdeecl had been little more than 
minal before. The Board evidently suppressed three of 
his letters relating to this, and probably as many answers 
of their own, in their next professed publication of * all the 
.papers,’ &c.; and i shall say no more of it than that 
it arose from a conversation which he told me he had casually 
had with Sir 0 . Barry <about thef' clock, not long after 
that interview whfch J have mentioned with Sir W. Moles- 
worth. I may as ‘well add however, that although Mr. 
Airy’s certificate thus ceased to be legally requisite for 
Mf. Deqt being paid/, be did go to see the clock two years 
afterwards, at the request of the then Chief, Commissioner,* 
and expressed his approval of it, and hii opinion that Mr. 
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Dent ought to be paid a fair proportion of the contract# 
price* He might have demanded ihe whole, as the impos- 
sibility of completing it was no fault of his, but he only 
asked for i6oo£,and was paid it on Mr. Airy's letter and 
my certificate that the clogk tfdfc completed as far as it 
could be out. t>f the tower. f * 

On his resignation the Board, of Wcfcks tried hard to 
male me resign also, pretending that they could not 
recognise me without him, and» actually not hesitating 
say that * they were not aware JtihAl his positi<fn in ^he 
1 matter was altered,’ after he had not only formally • 
resigned, but repeated his denomination net to act apy 
further! I was equally determined to See the ctyfck nmde.; 
and as they refused to give me the information required, jpr 
to direct the architect to give it to Mr. Dent, I warned 
them that the clock would go Dn being made without it, and 
and that it would probably require some expensive alterations 
afterwards, especially as we had still no bells ; t and that the 
public might then judge who was to blame. 

Sie Bekjamih* Coihmmioner. — Nothing else of 

any consequence happened until the first great bell arrived 
at Westminster and we found by trial what sort of a dock 
hammer would be required. \Apd thin came^ out* the 
natural consequence of the neglect of the Board of Works 
to order the bells for 3^ years after I had advised them to 
do so. All the calculations which had been made a^outf$& 
required ^weight of the hammers, apd therefore the con- 
struction of the striking parts, turned out wrong ; although 
we had provided for a hammer of nearly three times the 
weight of that for which Mr. Vulliamy’s clock* approved* 
by the Company of Oiockmakeij, professed to be designed, 
though it would never have iftfcejl ^ren thrffc. It was* 
clear from the experiments which were made, of course • 
with the desire to impose*on the dock the lightest hammer 
that would bring out the full tone o£the bell, that nolS^ing . 
less tW abgut Ath of the freight of the bell would do, 
even *for the •thinner of the t%o great bellB. And this 



334 fl THjp WESTMINSTER , CLOCK. * 

.agrees with what I have found in smaller hells on the same 
scale of thickness, of which I shall speak afterwards, 
though we had no means of knowing it when the clock 
was made. * 

, The clock therefore hUtf to,. be altered to' make ip lift 
heavier hammers, both r for the hour and ‘the quarters. 
Fortunatf ly it was just ^possible to do this within the 
confineh space allowed us by the mistaken construction of 
thb clock-shaft, without altering the frame, by making the 
clo$£ to wind up twtee a week and putting fewer and 
larger cams on the great striking wheel, as 1 have ‘ex- 
plained unde* the construction of the clock. It was also 
nece^sary^to make some alterations in the going part, to 
q^apt it to thf illumination of the dials, which had not 
been contemplated at first, and was not advised by me at 
all. I am afiaid to mention the annual sum which Mr. 
Fitzroy told me the lighting was to cost; it seems so 
enormous. \ suppose it will be known very soon now. 
These alterations, were made in the year 1857 under a 
new order from the Board df Works, Mr. Dent consent- 
ing to receive only 10 per cent, p^fit on his expenditure 
up to the completion of the clock. 

L6rd ^ohn Manners} * Chief Commissioner again. — 
Postponing the story of the ^bells for the present, as well 
as that of the hands, th^re is nothing further to relate 
U^il we come to the fixing of the 4 clock. On the 16th 
of March 1859 noticp was received from Sir 0 . Barry's 
engineer, who bad been hanging the bells and pltering the 
bell-frame for 5 months, that the clock-room was arady for the 
/slock; and Mr. Dent immediately began to send the heavy 
parts of it there. But gojpg up a few days afterwards, I 
Sound, what ‘I hadidng expected, that it would be impos- 
sible for ciockmakers &o work there or to observe anything 
accurately in the clock, on account of the darkness of the 
^roonf. I therefore tofyl the Board of Works that it was 
absolutely* necessary to have pore and larger f windows pnt 
in, especially as the only light they get comes «second*hand 
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through the semi-opaque glass of the dials, which have tv 
wall behind them, in wLich the windows are. Of course all 
the clockmaker’s work had to be stopped until the brick- 
layers and plasterers were again got rid of. .And so the 
fixing of thO clock did noi^ really begin till the middle of 
April i859, # fbr the simple reasoq that till then the tower 
was not ready for it, although* thp dials find hands had been 
looking false prfetenccs for nearly two yenrs, and legislators 
and newspaper editors had been continually ‘wanting to 
know * why the clock did not gp, ahd (as usual) rf paying no 
attention to the constant answer that the tower was not* 
ready, because jt was not the dlhswer they wanted. 

I then told the Chief Commissioner, for the i/fformation 
of the parliamentary interrogators, that tho#clock would he 
going by the meeting of the new parliament, on the 3iBt 
of May 1859. And so it was: to the evident disappoint- 
ment of some of the newspaper writers, who had been 
exulting in their own prophetic incredulity only a few days 
before, and in fact w'hile the clock wrffc actually going. 
But now turned np a fresh difficulty. When the design 
of the dials was altered for illumination in 1856. Sir 
C. Barry w r islicd to have the prescribed pattern of tho 
hands altered and made more* osnamefltal. I, told* him 
they would be made as copper tubes, and that Mr. 
Dent could put on any reasonable amount of ornament 
which did not make t them too heavy. This however sfid 
not suit him, and as things were then going on smoothly, 
and I carejjl little about the pattern of the hands, so long 
as they w*re light enough and strong enough, it w as 
at last agreed that he should get the hands made himself,* 
subject to my appit>val as 1$ those points. After a 
few weeks he asked me to go sjnddook at a pattern* 
band which he had had made of cast iron. I was pretty • 
sure before I saw it that it would be too heavy ; and it 
weighed nearly 5 cwt., including • a small bar put, on * 
temporarily Jo complete the # counterpoise ; for of course 
large* clock# hands must he counterpoised. I therefore 
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{rejected that at once, and said, as I had said before, that the 
long hands with 4 heir counterpoises must not weigh above 
2 cwt. ; not meaning to be particular to a few pounds, but 
knowing that proper hands could be made (as they no € w 
are) of only that weight; including both the* visible and 
partial counterpoise outside the dial and the 1 remainder of 
it which it is bette* to put t inside. * 

The architect’s next essay was in gnn-metal, and there 
lie ^certainly succeeded better as far^is weight was con- 
cerned ; for the hand and external counterpoise weighed 
'only i cwt. 2 qrs. 14 lbs., and the internal counterpoise (not 
then made) vould perhaps have weighed 3 cwt. more. 
But then the question of strength. The liana seemed 
t$wne too weajj +o carry its own weight and to resist any 
force of wind ; but Sir C. Barry and Ins engineer, Mr. Jabez 
J ames, were confident it would be found strong enough ; and 
so it was agreed that that pair of hands should bo put up 
for trial. I Ijcard nothing more of any consequence about 
them, and sawal^thc hands on the dials for two years 
before the clock came, and they appeared to bo substan- 
tially the same as the pair 1 had thus conditiohally approved. 
But when the clock was connected with them it was 
found, impossible id makp it* go for an hour by any adjust- 
ment of the counterpoises, ^fter several weeks had been 
wasted on the attempt I had one of the hands taken off, 
a^ji then the mystery was cleared up. The gun-metal 
hands had evidently been found too weak, as I had expected, 
and had been strengthened, or meant to be strengthened, 
by screwing thick plates of copper all along the $>ack ; then 
ihey had been thought too narrow, and had been widened 
by some more plates of copper, until *81 lbs. of it bad been 
%dded to each mii.ttte Band, or three times the whole 
i weight of the copper kites of which the* present hands are 
made. This of course involved an*enormous addition to the 
% short counterpoises, anjl so the«whole mass of each hand 
and its counterpoises, internal and external^ had bjhn in- 
creased to 6J cwt., or considerably more than the cast-iron 



237 


4’HE architect’s clock, hai&$s. 

hand which T had originally rejected ; and the whole of the 
hands and counterpoises which the clock was expected to 
drive was no less than z\ tons. 

• We also found that the hands had been fitted to the 
arbors in a # way which no, cldfcftmaker ever adopts, with- 
out any tapfcring (sec p. 2ii), # so that they Btiook over 
through a considerable anglt e,very tilic they >passed the 
vertical, which' threw too much weight upon tfhe clock 
in one position of the hands* and too little in another. 
By making some new aud Ijetffbr fitted cifunterjjpises • 
we* did manage to make two pairs of hands go, but 
it ‘was hopeless to attempt to drive them all; and* bo 
I wrote to Lord John Manners that •Sir?*C. Barry’s 
minute hands must be remo\ ed aud propey ones made v or 
the clock could not be completed. 1 did not then propose 
to meddle with the hour liquids ; for although they were 
equally bad in construction, and one of them has since 
cracked, they did not prevent the clock from going, because 
their motion is so much slower and th^ir weight less than 
those of the long handg. They ought all to be replaced by 
new ones; but Mr. Qowper refused to have a single new 
one in the place of* the one already ‘cracked, aud would have 
it mended and refixed, not by \he, cl oeft makers, ^ufc by the 
engineer; and it stopped th§ clock again, and that dial had 
to be disconnected again, till thh hour hand was altered. f 
On my announcement that the minute hands must^o, 
one of the old struggles took place, the Board trying to 
get the "iryiking of or the conlrol over the new hands for 
the architect, and I being determined that they should 
not, until my responsibility for the work was .discharged. 
It was nothing to them thn^ he had first made a pair 
of hands too heavy, and theh ^another pair too weak, 
and then altered them into others# which were both too 
heavy and too weak; but it w r as something to me, wh(P» 
had undertaken to see that the wprk was completed^; and 
therefore I told Lord John Manners that I haa given Mr. 
Dent the deeigfi for a proper Set of liandb, and thtt he or 



3S^ '*xJIE WESTMINSTER CLOCK. 

hr? successor at the Board of Works might take them 

off again afterwards if he liked. At last the Board 

gape in; or perhaps I should say, Lgrd John Manners 

went out: and the new hands were made as described 
* * 

at .p. 251, and they with thtdr epunterpoises weigh exactly 
what 1 said they should three years before, and less 
than one thirS of the removed ones, w kich w ere sold for 
39 /. as old metal, after costing nobody kndws how much. 
A pretty good indication this is, of wljafc w ould have been 
<the success "and cost of tbe clock, if Lord Canning in 1845 
rfhd Lord Seymour in 1852 Ead not stopped it from drifting 
into the courscin which it was intended to go. 

The' costsof the clock, including all the alterations ren- 
det^d necessary by the absence of the bells till after the 
clock was made, and by this affair of the hands, was under 
3400 1 . ; which is less than the/ mere estimate for the rival 
plan of Mr. Vulliamy and the Company of clockmakers, 
which he refused to send in as a tender for a contract. 
If that rival plan, had been adopted the whole clock 
must have shared the fate 0# Sir C. Barry’s hands; for 
the rate of going of such a clock with dials of Imafc size would 
have been a national disgrace ; and the absurd inadequacy 
of tbe striking wcar may ko judged of from these two 
simplo facts : the great hammer was to be lifted by pins on 
the second wheel, only £ inch thick, which correspond to 
sttfl’-faced cams cast on the great wheel of Mr. Dent’s 
clock 2^ inches thick ; and Mr. Vulliamy only professed to 
provide for a hammer very little heavier than th&t of the 
before-mentioned Hotel de Ville clock at Paris, which he 
himself put foiward as his model of large clockmaking; 
and yet the bell of that clock weighs only one-fourth of the 
1 4 tons which his specification assumed the Westminattr 
bell to be. 1 

Of course Mr. Cowper and the Board of Works knew 
the real co^t ol the clock as well as I do, when they so 
stated it as to lead the House of Commons and the public 
to believe that it has costo more than 22s, 000 The. only 
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other sums which I have had to certify besides the 340^Z.» 
sire 5966 1 . for the bells, which again is within the estimate 
given to Parliament before they were ordered, though it 
includes the 570 1. paid to Mr. Mears (besides the value 
of two toss of metal) for hja^ery successful recasting of 
thd great bell ; and some ‘small items amounting, 1 think, 
to 320Z. altogether, for engineering* work* npt belonging 
either to the clockmaker or the bell-founder. With all the 
rfcst of the 23,000 1. (or whatever it may be) for dials, hands, 
bell-frame, and 4 otlier incidental#expenses,* I Jiave nothing 
at all to do. All that belong^ to the architect. • 

.Mb. Pitzbot Commissioner . — The clock began to ittrikc 
the hours in July 1859, and the quarter* in- September: 
another delay and more expeuse being incurred by the floor 
of the dark room above the clock being fourid too weak 
to carry the cranks and • levers by which the quarter- 
hammers are connected with the clock. And on the 1st of 
October all the striking was stopped by the Board of 
Works, on their being informed by ipe that the great bell 
was cracked. \^hy the quarters should have bten stopped, 
I do not knew, and 1 'told them it was unnecessary ; but 
. I bad quite trough? enough to get leave to examine the 
great bell without taking f any to convince the 

Secretaries of the Board of Works that the Quarter bells 
were not likely to catch the same disease by being allowed 
to perform ill the presence of the cracked hour bell. *• 

In the last interview I had with Mr. Pitzroy w 6 had 
arranged all that seemed necessary for Mr. Bent’s de- 
livering \ip the clock complete in a few months, and 
then having it opened to the inspection of the public, 
of course under J,he control of the clocEmaker who 
is responsible for it, as it ifcf 4 buni t elsew r h$re that in 410 
other way can mischief be pr^v^ntod ;• and considering 
the unusual jealousy which this affair has excited, it ijfc 
quite certain that uo opportunity would bo missed crl doing 
anything that would depreciate th*e character fit’ th£ clock. 
It $ due tb.ths memory of*JMlr. Pitzroy, as well a»to Lord 
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Lhnover and the Duke of Somerset, to say that I never 
had the least difficulty in getting any suggestion attended 
to by them personally, and always settled amicably, which- 
ever way it was settled ; and that I was always treated by 
them as if they did not fcll(pet that T had beetn for years 
taking more trouble in this tffettcr than anybody else can 
know, with* no possible adyavtage to myBelf, except the 
satisfaction of seeing the greatest horologicfcl work in the 
world executed in the best way, anc( with no waste of 
<money. v u 

u Mr. Cowper Commissioner . — The present, ninth Com- 
missioner of Works since tlte business began, has a dif- 
ferent' view’ of filings. He has not followed one single 
suggestion whicji he has recehed from me, unless it has 
been confirmed by other ad^ iscrs, whom he consults behind 
the back of the person who is considered by the public 
responsible for the success of the clock. Ho tells the 
House of Commons that, among other persons, he has 
consulted the Astronomer lioyal ‘ who is a very good judge 
* of clocks,’ and that after the 'clock is completed gilder my 
superintendence it is t<*be handed over to Mr. Airy to be 
altered in the striking parts : an arrangement which appears, 
remarkably rational bn thp faue of it. 

I am far from meaning to reflect on the Astronomer 
Royal for giiing the best advice he can on any scientific 
question asked him by the Government. He has himself 
written to assure me that in his opinion ‘the clock is far 
‘ better in my bands than in any other person’s, And that 
‘ ipdeed he does not" know any other person ,'wlio could 
‘-superintend it ; * as it certainly must be superintended by 
somebody, now that Mr. Dent is dead ; though he might have 
been very safely trusted fvith it without any control, not 
merely from his great skill and experience, but from his 
"" having such an interest in its successful performance as 
nobody eke can have— except, X suppose, myself.* But 1 

* Mr, Cowper certainly lias an eminent examp/e More him in his 
management of public clocks, ifu^t when the late Mr. - Tent was (lying, 
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am sure Mr. Airy would have told Mr. Cowper if he ljp,d 
asked him, that he has no experience and no special know- 
ledge of the striking work of large clocks, and still less of 
l>ells ; about which also Mr. Cowper imposes on him the 
trouble of* advising, though might have learnt from the 
papers in hte own office tlfll Mr. Airy expressly declined 
that part of •the business ip ^852. The trhtl^is — for Mr. 
Cowper has at last let it out — that ho, or his master, wants 
the striking to be ^educed ; apd ho has adopted or invented 
the sagacious idea that a large cracked beU san be made 
into an imitation of a smaller sound one by some net? mode 
of striking.. He certainly* shows more ^sagacity irr not 
asking* me to undertake any such operation upon tigs clock. 
Whether he will persuade the Astronomer ltoyal or any 
other scientific person to risk his credit upon it, IMo not 
know. But 1 do know' that any such folly can only end in 
wasting money, and that the clock will have to be altered 
back %grin, and of course a new bell made, as nearly 
everybody in London seems to kmogt by this time, except 
Mr. Cowper and his colleagues. 

To be sifre, he is oply carrying on that 4 zigzag prin- 
ciple 1 on whielfc another great? institution was said to 
work, and which has prevailed w«ih almost unbroken 
uniformity from the beginning of this busings ; for every 
Commissioner who has done •anything towards forwarding 
it, or managing it in a rational way, has been succeeded 
by one, and once* by two, who have done their bt»st to 
obstruct or mismanage it. Thus too we have seeu the new 

• 

• 

tlie Gresham Committee, which is practically the London Corporation, 
under a clockmaking Lord Mayor, bethought themselves that the time 
was anived for makippfa r> v w airangement for the care and winding of the 
Exchange clock ; and the result was, "that tii^y took it*out of the bauds of 
Mr. Dent, who had spent far moie up*ntt than he had ever got for it, and 
had actually charged them nothing since *tt was repaired and the latest 
improvements introduced in»i 8 5 ^, and I know did not intend to do fiGml 
they had teen quiet; and tlnyi, by way of seeming its being attended to 
in "the best possible way, they put it mt& the hands of ^ well-known-firm 
wlif- never made such a clock ij their lives, and have been* more active 
tlifti anybody else in publishing abufe of Mr. Dent’s clocks. # 
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Westminster bridge begun, and then stopped for several 
years, and one Commissioner destroying the flowers, the 
seats, and the walks planted or made by his predecessor, 
and i 4 ,oooZ. spent on a scheme for cleaning out a pond 
which has to be abandoned before it is finished, ancj a 
quarter of a million in ventilflkig and warmifig, and ten 
times that sum, andHhree tfmfcs the architect’s estimate 
in building, the Palace of the Legislature; and now we 
have Mr. Cowper of couitee put where the i9 to turn out 
Idle fir^st architect of this’agj?, who had been selected by a 
previous Commissioner tor the new public offices, and to 
put in Sir C. Barry’s son, or feome other gentleman in the 
Italian Mne, if the House of Commons will allow it. 

So ends the history of the clock up to the present time, 
having already seen the deaths of the three elockmakers, 
'the architect, and two Commissioners of Works, whose 
names are involved in it. What further vicissitudes it may 
have to go thrpugh, I cannot pretend to guess, save as 
the future may be°<dtrined from the past. Too many 
people have had to be disappoiflted, defeated and exposed 
in getting it there, for its existence to be easily forgiven, 
or for any of its occasional failures, sucll as all machines 
arc liable to, not tc»'t>e magnified into radical defects if 
possible. Among them are persons who evidently understand 
how to ‘make things pleasant * noth with Government Boards 
and with that sub-editor of the Times , who, in the spirit of an 
Irishman paying off a grudge with a rifle behind a hedge, tried 
to ruin Mr. Dent last year by pronouncing him ‘evidently an 
adept oulv in the a”t of how not <o do it,’ because Mr. l)ent 
had^told him, that if lie had either inquired, or looked into 
the clock-room, he might have learnt that the clock was 
waning for the tower, aivd not the tow er for the clock, as 
his* newspaper had sever?! times told the world* So when 

h 

* This js the gentleman who acquired an enviable fame by pretending to 
guess at apd publish uig the name of a correspondent of the Timas , w ; th 
whom he was can y mg on a little theohjgical coiitiovcisy iujetteis to his 
own newsier under a well-known alias. This, it seems, jp the use of 
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the clock stopped striking one Sunday, while it waB 
notoriously unfinished, that was thought important enough 
to be announced in the largA type and most conspicuous 
place in the Times , and the attention of the Board of 
Works invoked. And then games Mr. Loseby, with more 
thfin even ^poor olu Mr.'lfcilliamy’s hatred of Mr. Dent, 
and of everybody wlio has ffUppor^d lirtn ^(for reasons 
apparent enough m this bookj, and he and the clerk of the 
tforks at Westminster constitute* themselves into a Green- 
wich Time Commission, set up « clock in tlig said clerk's 
office, and publish what they® call vacations ol the^ate.if 
the great olo # ck, measured by the striking^ of the quarters, 
whicli.variations had been corrected belupe they w;pr<f pub- 
lished, as described at page 257. 

Meanwhile, anyone who has really Jecurate means of 
judging can obseno that this huge east-iron machine, 
which has to dine through all weathers such a weight of 
hands as 110 other clock has in the world, keeps better time 
than the best public clock you can^Jind *of the common 
construction npd common* size. And it should never be 
forgotten tfcat the flesigner and supporters of the rival 
plan confessed thift they could do no such thing, and 
derided the possibility of leaking av^och of this size keep 
accurate time at all. Accofdihg to them, if w r ould have 
been simply one more clock in Westminster, a sort of con- 
ventional appendage to a great public building, but yortli 
rather less than uSual as a standard of time. • 


THE WESTMINSTER BELLS. 

1 iiaye already ©mentioned that soon after*! he clock "was 
ordered in 1852 J advised thtfBoai^of Works to take seme 
steps about the bells. No nfctftq was taken of that letter, 

that arbitrary rule intro lured by tho managers of tint exemplary pubh- 
* 4jion, that ‘coiiespomb minuet send fchen* namcb ni confidence, though 
not necessarily for publication : ' a iuIo for whuh theie^a no* justification, 
' x$ept wli^ facte art stated wiflc brought to bo voacLed lor. • 
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n^r was anything done in the business for nearly three 
years — in fact yntil the clock was all but finished. 
But about six months aftdPthe failure of the attempt to 
repudiate that contract, on the ground of the first Mr. 
'Dent’s death, Sir W. Molesiv>rth sent for the second Mr. 
Dent and asked him some questions' about the bells/ on 
which lie was to communicate with me. I dysired him to 
refer the •Board to my letteV of April 1852* only adding 
that Messrs. Warner ofi Jewin Crescent ought then to 
be included t in any competition, witlf Mr. Mears, and 
HessA). Taylor of Loughborough, who were the only 
English’ makers of large bell^ at the time of my former 
letteh .Then thgre was some correspondence between the 
Board and Sir C. Barry, from which there is nothing 
materhil to extracft. His advice was in substance the same 
as mine, except that he recommended that the commission 
Bliould be given to Mr. Mears, unless there was to be a 
competition, I suppose because he had succeeded so well 
at Yorh^and thb Exchange. However it was settled that 
there was to be a competition, apd so there was no occasion 
to discuss that question. He also ‘recommended that I 
should be asked to prepare a specification, and that the 
work Rhpuld be supeytitended^aud certified by me, and the 
Bev. Williafli Taylor, wliodi I had previously mentioned as 
the only person I knew who h&tf paid any attention to this 
subject. 

As 'no less than three persons of that name have now 
been connected with the making and certifying of belJs,and 
two of them at least are constantly confounded* by the 
newspapers, it may as well be mentioned that the Bev. W. 
Taylor, one of the refer°es of the Westminster bells, is not 
Mi;. Edward Taylor, thq Gresham professor of music, who 
was the referee of the seewnd peal cast by Mr. Mears for 

Boyal Exchange after it was rebuilt, and refused to 
certify his approval of them. And as the identity of name 
in the referwa^is not the oftly common point in.the history *of 
the Westminster and the Exchange bells, I \yill say a wurd 

•' S gT f 
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more about them here. After Professor Taylor’s refusal 
to certify them as they were, or to examine them any more, 
Sir H. Bishop was applied to, and he evaded giving any 
opinion beyond expressing a significant hope that they 
might be made right, adding thlt the public must form their 
own judgment of tneni. Mr. Mears afterwards got some 
musical certificates that they jvere inPtune (which a set of 
iron pots may be as well as the best bells in the ^forld) and 
at last he was p^id for tham. The public however did 
form their own opinion, and^tlAt opinion was sucJjl that 
Mr. Mears deemed it expedient to publish a paper (from 
which these • facts appear) *for the purpose of showing, 
exactly as in his Wesininster affair ten years afterwards, 
that the cloekmaker and the chime machinery were in 
fault, and not the bells at all ; which, he added, must be 
good ones because they were cast from the patterns of the 
Bow bells ; whereas nothing could prove more decisively 
that they were badly cast, since the sound of* the two peals 
was very different, while the shape and^&i/.e were thi same. 

Notwithstanding this demonstration of the excellence 
of the bells, # and various alterations in the chime- w ork to 
meet the suggesftons that w r ere made, the Gresham com- 
mittee at last stopped then* # atyogeflher ; and sooft after- 
wards sent the whole 1 5 b^lls to Messrs. Taylor of Lough- 
borough to be re-cast, for the third time . Mr. Mcais’s first 
peal 1 never heard, but the short time it was allows to 
stay there is tolerably conclusive as to its merits. Cff the 
second' 1 should have condemned every bell but one, which 
was so gpod that it was difficult t <3 understand how itjgot 
into such company. At the Exchange too, as qfterwards.afc 
Westminster, Mr. Bent’s men found that there were holes 
in the sound-bow of the largest be 41 (whish weighed ftj 
tons), after the clock hammer *hath been striking on it fjpr 
some time, which fully, accounted for the badness of tSt> * 


tone. Not that w r e rjmst consider this qj^tlnng re- 
mark, ible, after Mr. M ears’s public declaration by fiis 
counsel lately, that ho confidsrs it impossible to <&st large 
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belfj without holes, and that it is the regular practice at 
his foundry to sto£ them up with resin and bell-filings 
before the bells are shown to the referees, when there are 
jfcny referees. * « 

Messrs. Taylor’s new peal r £t tho Exchange had not be t en 
completed to tfeb satisfaction of the referees there, at the 
time of making the* Westnrinuter contract, * and it was 
Bpoken of as unsatisfactory by Professor "Wheatstone, who 
was consulted by the Board of Works, ns I shall mention . 
presently. T had myself suggested to the founders to offer 
to r re-cast the bells so much smaller as to make the job pay 
for itself, as migtfL easily be done to the great lells of York 
and O Aord, and 1 with no loss, but a great gain both of 
power ^nd quality of tone, because they are so bad ; but I 
strongly advised them not to attempt to reproduce the same 
notes with bells of only fths bf the weight, according to 
the modern practice which all the founders follow, unless 
the contrary is ordered. That part of the advice they did not 
follow, ftid the consequence is that their Exchange hells, 
though better than the previous r ones„are by no means what 
they ought to be. I shajl have more to g^y about this modem 
system of making thin bells hereafter ; i( is enough to say 
at present tfcafc the tenor beV'of this new Exchange peal is 
of the same note as those of Bow Church, and the old York 
Minster peal (copied also in {he new), and the once famous 
belief Sherborne, but the weight is only 33 cwt. instead 
of 53. It is plain that either the old or the modem scale 
is wrong, and you have only to listen to learn whiqh It is. 

I. was asked by the Board of Works to prepare*a specifi- 
cation for the Westminster bells in February 1855 : which 
I did, notwithstanding their Jbehavioui* about the clock a 
feW months bdfore. were pleased to approve of it, 

with some alterations of«no consequence ; but they proposed 
•Brother alteration of very great consequence, viz : the 
addition cAihe First Commissioner himself as a referee. 
As he could hot possibly be of any use in superintending 
the construction of a peal of* bells, it was clear that when- 
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ever he acted at all, it could only be for the purpos^of 
obstructing the other referees at the suggestions of some- 
body else behind t)ie scenes, exactly as two successive com- 
jnisbioners had been then trying to do for several years in 
the clock business. Mr. t Taytar and I at once refused to 
act? upon that footihg, and so the business was again put 
off. At last -Professor WhqptstJbne wv$ consTult^d. He did 
not profess to'know anything of bell-making ; but he spoke 
efen more strongly than I h^d done of the failure at the 
Royal Exchange. Indeed he went so far as to#ay that * thg 
‘ unsatisfactory result there Showed that no known ball- 
1 founder in ijngland could be relied on,’ aiyl proposed to try 
a foreign one ; though he gave no reason fcr assuming* that 
the foreign bell-founders were any better than the English. 
Ho proposed, and the proposal was adopted, that & com- 
mission should be given to Sir. C. Barry and himself to 
look about them at the Paris Exhibition, where they were 
going, ‘and to collect information respecting the most 
‘esteemed chimes in Prance and B.olgium, and whether 
‘there are nothin either of those countries makers ao- 
‘quainted with the traditions of the art, or who have 
‘ applied the moc^riPdiscoveries of Science to the improve- 
‘ ment of bells, of to efficifjnt substitutes for them : ’ a 
tolerably wide commission cerfainly, and not veby distinctly 
aimed at the only practical question, whether there was 
any bell-founder who could be safely trusted to make aq^eal 
of hells of which the largest was to be 14 tons, asf pre- 
scribed* in 1846. 

They ftiade no report of the information they collected ; 
but Mr. Wheatstone communicated it, or all that * he 
thought valuable, t^ Mr. Taylor and me when we were all 
three appointed referees ofterfcards^tjiough be never other- 
wise acted in the business. • The foreign bell-foundeps 
appear to have kept their secrets very well (if they ham ? , 
any) except as to what they professed to be able to do, and 
the* prices they should charge; Lid it was cl*ir that*in 
that* respefcf at any rate* tljere would be little or no 
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actyantage in going abroad and bo abandoning all control over 
the work. There was no evidence of any existing foreign 
founder having cast a bell of even 5 tons •*, and there are now 
at any rate two new bells in England of 4 tons, which are 
*both (if one may venture after Iqte experience *uO say that 
of any bell before its inside is looked fnto) perfectly sotmd 
and good castings, and also*]?et$er in point of sound than 
any other* great bell in the kingdom. Thefee are the 4th 
quarter bell at Westminster, ,gnd the rather larger one crfst 
J)y the same founders fo# the Leeds Town Hall from the 
ppttern of the Doncaster ‘bells, which I shall describe 
hereafter. * « t 

In August 1&55, Sir W. Molesworth left the Bpard of 
works to rule over the colonies; and Sir B. Hall (Lord 
Llanover), who succeeded him, immediately wrote to me 
expressing his regret at the differences which he found had 
prevailed between the Board and me, and asking if I would 
still undertake the business, with Mr. Taylor and Professor 
Wheatstone, substantially on the same terms as I had pro- 
posed six months before ; and I at once copsented to do so. 
Accordingly my specification was sent to all? the English 
bell-founders who wei*e ^supposed to*htf/e the means of 
executing such a lsi^e work, Messrs. Mears, Taylor, aud 
Warner, add tenders were* received from all of them. 
Mr. Mears was pleased to say lately by his counsel, that he 
losttthe job, although hi* tender was the lowest, because I 
was determined that Messrs. Warner should have it ; and 
therefore I shall now publish the real reason, which » I have 
hitherto withheld. • ^ 

It is true that his tender was the lowest ; but it was 
accompanied with an objection to sub pi it to the referees, 
who, lie told .the Bpard, t/ere prejudiced against him ; 
exactly as Mr. Vulliamj^had objected to the Astronomer 
oyal as the referee of the clock J because he had shown 
himself to^be prejudiced in favouij of Mr. Dent * by saying 
he* had ;io doubt that fiis Exchange clock was the kest 
public clock in the world. .It* must be confessed thkt if 
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4 prejudice * means judgment founded on experience (wl^ch 
is only just the opposite of its real •meaning), all the 
three referees were prejudiced against Mr. Mears. My 
ppinion of all his most recent large bells was well known t 
and had Been published *in fife papers already referred to, 
an& so had Mr. Wheatstone’s, as just now stated ; and Mr. 
Taylor’s opinion of the gre%t Jpell of Fork (where he lived 
when it was bung) was, it seems, equally well *known to 
tfiose who were interested in knowing it. But that singular 
coincidence of ‘prejudice* amoBg the three ^>ersoqp wh© 
happened to be consulted would perhaps strike the Com- 
missioner of tWorks as provfbg something* rather different 
from their unfitness to be refefees. At aay rate ttey w r ere 
not removed to please Mr. Mears, any meye than Mr. Airy 
was to please Mr. Vulliamy ; and although he said also that 
nobody else bad the meanB of executing such a piece of bell- 
founding, Lord Llanover preferred to try the other founders 
who made no such objection; and Mr. Mj?ars found out, 
when it was too late, that he had beeim litUe too confident 
of getting the j^b on his own terms : a lesson by which he 
took care ttf profit w'hcn he had another opportunity of 
tendering two yeJlp afterwards. 

Messrs. Taylor* tender was^ als<f Awer than Messrs. 
Warner’s. But they required two years for making the 
bells, and an advance of moirny for the metal, which the 
government w*as not disposed to make if it could be avoided. 
Probably that migh*t have been got over on proper security 
being given ; but they also Bhowed by their tender that 
they intended to make the great bell thin, as they had done 
at the Exchange, and elsewhere. I had thei^ no idea .of 
giving the design myself, but I knew that that thin scale of 
bell-making was contrary to ■flfe graofcice of all former agfes 
and of all countries, and that the effect was bad ; and there- 
fore I was not disposed to urge JLord Llanover to stretdh f 
the point of the money, advance # in their favour; andjao 
they also lost the honour of being the bell-foriliders to Her 
Majesty at*JVefctmiuster, afid it necessarily fell to 1 Messrs. 
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TWimer. So now Mr. Mears, and everybody else whose 
expectations or projects have been defeated in that business, 
know exactly how much of the disappointment they owe 
to me, aud how much the founders themselves played intp 
my-hands, it* I wanted MesrfrG. "Wiarner to be employed, and 
Mr. Mears in particular to be rejected. 9 

The way 'in whicl# it catge £o pass that I had to design 
the bells, was this : — When we came to talk about the con- 
tract, ^Messrs. Warner refused to be Responsible .for the 
notes />f the f oells. Up td that time their method of casting 
bdlls of any required noteB had been to copy the pattern of 
some existing oivs of the samk note. How far that plan 
would frave availed them for h peal of this unusual size may 
be ju(\ged from ^his : they were convinced, by wbat mode 
of calculation I do not know, that the fourth quarter bell 
would have to be 6 tons, to produce the proper note to suit 
the great bell, and quietly derided me for saying it would 
be under 4 tops: it is 78 cwt. They then used also the 
same soft composition (4 copper to 1 tin) for church bells, 
which answers well enough foi* hand or ^house-bells, but 
which they have abandoned in large ones for ** harder and 
better sounding composition, since they Jftarnt better from 
the Westminster expSrim^ntse At last 1 consented to take 
the responsibility of all except the casting , provided I was 
allowed to make some preliminary experiments to deter- 
mine the best form aud composition. The experiments only 
cost about 1 zol, out of the 5966/. width the bells them- 
selves have cost, including the re-casting of the great bell 
by .Mr. Mears. 1 * 

•I shall explain the practical results of the experiments in 
the chapter on the construction of belt ; but there is one 
peculiarity in the shape of these bells which 1 must shortly 
explain here, because op lfc depended nothing less than the 
■^feasibility of getting the great bell* into its place without 
pulling some part of the tower to pieces. 

The woiglil of the great bell had been fixed at 14 tons, 
apparency by f he architect hardsell’, long beior^JL had l &ny- 
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thing to do with it, I suppose in order to make it cxceid 
the largest bells that had been cast in England, Aiz: those 
for Montreal and York Minster. But the strange thing is 
that, although the tower is 28 feet square inside, arid was, 
specially built for the clock Snd bells, it is cut up into 
wells, or sb/ft'ts, of which the qnly one op^i from top to 
bottom is 7 iilcbes narrower* tten the # Montread bell of 13 
tops, and 4 inches smaller than the York bell of # 1 1 tons ; 
and there is no apa*e whatever left in the tower wider than 
8^ feet, or about 9 inches less Jhat the diametfer of 9 belt 
of* 1 4 tons. Over or in that wider shaft too, was to corife 
thb clock (which weighs nearly 5 tons), and three floor*, of 
wood, iron, and stone, and an iron chamber for the pendu- 
lum, and a large mass of iron called th% pendulum-cock, 
and two iron beams, all built into the walls. Of course not, 
one of these things could be fixed till the bells had gone up 
if indeed by any contrivance a bell 9 feet wide or more, 
could be made to go up that 8^ feet openings and of course 
they would all ha\e to be taken out again, if ever the bell 
had to go dow» agaip that way, and would have to be 
afterwards replaced at an enormous expense. 

Fortunately it spurred to me to make an alteration in 
the shape and construction of •thq belli? which reduces the 
total height to $ of the ijiameter. This made the first 
bell low enough to be taken tip the clock-shaft sideways 
in a cradle ; which, although it was mfire difficult # fhan 
taking it up in the Btraightf'orw aril way, mouth downwards, 
was infinitely better than taking it up outside and then 
landing it in through a great holS cut in the top of the 
tower. It appears from the newspapers evidently speaking 
from authority Hurt the people who have been at work 
hoisting and hanging the belli apd*making and altering 
the bell-frame for two years now,* havo actually not dis- 
covered that the second bell is so much smaller than tH8 
first that it can go down,/ind of epurse a similar new ope 
can # $£o up, the air-shaft sideways. For it is ificonceivable, 
that*if theyimtfw the bell # is*only 7J,feet tigh, ahd their 
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o*m air-shaft 8 feet wide, they* *could deliberately propose 
(as they do) to pull everything to pieces for the mere 
pleasure of sending the bell down or up the wrong shaft, 
t whichj though 6 inches wider than the other, is still 6 inches 
narrower than the width of the bell. But nothing is surpris- 
ing there. The taking down of the cracked •bell and 'the 
taking up of the new one qngjit to be made a matter of 
contract^ with an engineer, without any* architectural 
interference, the contractor taking all ttye risk. * 

* Thp reduction in the height of these bells is chiefly due 
to the substitution of a crown or head like a low mushroom, 
or $ button with a thick netek, instead of ,the 6 ears or 
canon^u sually east on the top of bells to hang them by, 
and whjcli are pecessarily taller. An iron collar in two 
halves embraces the neck of the mushroom, and is fastened 
to the beam above by 6 bolts.* The clapper-bolt (if there 
is one) goes through a round hole in the mushroom, and 
square through the beam or stock; so that when all the 
bolts are loosened^ji little, the bell can bo turned into 
a new position after it has gofrw'orn in ojje by the clapper 
or the clock-hammer. r « 

Even this small maitdr met with Ttiefusual stormy fate 
of the c horological improvements at "Westminster. A Mr. 
W. L. Bailor had tried to persuade me to get the bells 
made and hung according to a patented plan of his, by a 
single bolt through* the erowm, which was to be also the 
clapper bolt. I found that nobody w'ofild use it except for 
very small bells, for which it had been used occasionally, 
long before either Mr. 1 Baker’s patent or nativity. I was 
nP more deposed to adopt it than the bell-founders; and 
as everybody seemed to approve of tlv^ mushroom top for 
these bells, it was vaed, it has since been for some 
others. Mr. Baker, hs\vVg first pronounced it wor&e, next 
-*et to w r ork to prove that it was identical with his own, in 
pamphlets and periodicals innumerable ; which I left un- 
answered, a# he generally ga\e a picture of the two plans, 
which was theT)est answer to him. Like oae df the giants 
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iu a* celebrated history, ‘ he has a brother far more savage 
than himself,* a clerk in holy orders in Northamptonshire ; 
and he delivered and published a lecture on my iniquity to 
ajL Archaeological Society in those parts, and Bent me a 
cop^ of it, frith a threatening Wtter of I don’t know what 
consequence^, if I did not compensate his brother for 
having the Queen’s bells jna<}e gvith whtit he was pleased to 
call an infringement of his patent. I believe Mr. Baker 
afterwards made on$ of that annual number of about # 20Qp 
inventors who have got wise enoftgh to let tkeir pqfents* 
die at the end of the three years which the first payment 
covers. And«after all this, 1 found in aJBerman boqjk a 
description of the mushroom Top itself hawing bee® used 
probably as long before my time as Mr. # Baker’s* central 
bolt was before his, as 1 am always prepared to find in the 
case of any mechanical invention for any tolerably obvious 
object. The only objection to it for common use is that it 
makes the iron-work more expensive. I ^hall describe 
hereafter another improvement in hanging which does not. 

The first great hell was Cast by Messrs. Warner at an 
iron-foundry belonging to one of their family at Norton, 
near Stockton-upci-’i^es, on the 6tfi of August 1856. 1 

went there and saw it as soo^i ap it Vis taken outTrf the 
mould, wlpch came off leaving the bell quite clean, and 
without either holes, or seams *or ‘fins’ sticking out of it 
into cracks in the mould; and so neither this, nor anrof 
Messrs. Warner’s bells that I have had to look at, required 
a fortnight to dress and 'trim] and prepare for the referees, 
like a certain other bell which I rfiall have to speak of 
presently. It deviated however half a note 4 from thS 
intended E flat, and exceeded the intended weight by 
nearly 2 tons, in conBequenc&'of excess in thickness 
beyond the pattern, which the thunders could not account 
for; and the further consequence was that the metal s<T 
nearly ran short, that the yushroom crown was not perfect, 
and the top of the bell was visibly porous, frofh tbeVant 
of a gUfficiejft hetod or pressifteef metal above it. ^Except 
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tjat we have gained some useful experience by the. sub- 
sequent discovery of the internal defects both of this bell 
and 4k successor, I should say it was unlucky that the 
metal had not run a little shorter, and ensured the rejection 
of- that bell at once, and 'saved us from the' still worse 
failure of the second. Its diameter was 9 ft'. 5$ in . ; the 
height 7 ft. iOg in. ; thickness q£ sound-bow 9! in. The 
weigLt was 15 tons 18 cwt. according to the weighing in 
the north, but it fell to ijrtons 13 cwt. when Mr. Mears 
weighed it iwo years after for old metal : which was right, 

I do not pretend to say, as it was no business of mine* to 
certify the weights ; and I 'neard that thore was a still 
greater difference between the weighing machines in 
Londpu and the north in the case of Mr. Mears’s great 
York bell, but in the opposite direction. In that bell too 
there is a still worse miscarriage in the thickness, for it 
is 8g in. thick on one side and only 7J on the other; the 
Westminster bell was of equal thickness all round, though 
not of the thieknefrs prescribed. No wonder that the York 
bell is so bad as it is, especially as it^lias holes in the 
surface also, and scabs or blisters under thtf surface, which 
the striking of the hammer has revealed. 

Thd be^l w as tribd at. ttyi foundry With an experimental 
clapper of 7 cwt., which however w as quite inadequate to 
bring out the full sounds and therefore the permanent 
cltfpper was made 13 cwt., which might have been reduced 
to anything loss if it w r as found too heavy. It was tried 
at Westminster with this clapper in November 1856, and 
sp far from its being found too heavy, it required to be 
pulled by a-t loatt six men to bring out the full sound, and 
ten were not too many. No one «who remembers the 
newspaper accounts vf it iecd be told that the admiration 
•generally expressed was so great that it would have been 
useless and absurd for the referees to refuse their certificate, 
either on the ground that it required a clapper beyond all 
expectation, or that tbe casting was bad at the t6p, or^ 
that it considerably exceeded *tho prescribed rfyickn^s and 
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weight. For it would have been answered, and not un- 
fairly, that the bell proved itself to be right in th# mArixm 
of nearly all who teard it, and there was no pnflBhat 
either the thickness I had prescribed, or the weight of , 
clapper I had reckoned on; wjfild have been any better. 
Nevertheless. *Mr. Taylor, though he had ftot the same 
paternal rtasoii as I had for ipreferri n g* t he patterjp. which 
ha<^ been given, did certify his approval very unwillingly ; 
and the cracking of the bell within a year certainly proved 
that no injustice would liavebeqp clone jf we hacP absolutely • 
refused to certify and the Board of Works to pay for it. # m 
Of course thfe founders declare that the stacking was*no 
fault of theirs : that was quite impossible : * if the bell had 
‘ only been struck with a clapper of 5 or 6 e*t. it would not 
‘have cracked.’ Most likely not ; and if every bell that was 
ever cracked in the world hall been struck with a clapper 
of only half the weight that cracked it, it would probably 
not have been cracked. But with all submission to the 
bcll-foundem, I am of opinion that a Wll which will not 
stand such a clapper .or hammer as is actually found 
necessary to niake^t sound properly, ipso facto proved to 
be a bad one, although it may be difficult or impossible to 
ascertain until it is 1 “broken ayd tlifi meial examined, 

what th(f real or the principal detect is. I11 that bell of 
Messrs. Warner’s there was no difficulty in discovering one 
quite sufficient defect, viz.: the excess ST thickness, flot 
merely of 2 in. in the sound-bow (which would have dorj* no 
harm), btit t an increase from 4^ in., which was the prescribed 
thickness above the sound-bow*, to 5$ in. That was the cause 
of the excessive obstinacy of the bell in speaking 01 if 
except under a clapper of tl^at unusual weght; and 
Messrs. Warner are perfectly righjb^in sayiflg that that 1 
cracked it. The only difference between us is, that I* 
think the fault lay with those who made the bell so* 
different from the presented pattern, and contrary to &U 
preceBent besides, as to require a force to brin^f the* sound 
out Which tfie Bell itself would not stand; whilb they 
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t*aut to throw the blame on those who ordered and rang 
thejteoper so to ‘make the bell give out its sound. 

■Bt it never is the founder who cracks a bell. Even 
if hemakcs the clapper and hangs the bell he does not ring 
it*; - and bells do not crdfck of themselves. * The above 
mentioned b£ll of Sherborne Church, called Cardinal 
Wolsey’s, though it had beon recast in 1670, tracked almost 
immediately after it was rchung and the’ clapper altered by 
Mr. Mears in 1858. Of course the«ringers did it. His 
firstr Monti eal bell of 7*toqs cracked about as soon as the 
Wp Westminster bells; and ho and the people who uaw 
the fracture thire have very different opinions about the 
cause*. I know a gentleman who saw it broken up. And 
we blow that Ve and his ^lies were going to swear that 
his Westminster belL was cracked by the hammer being too 
heavy, although it was withih the weight specified ill his 
contract, aud lighter in proportion than the ringing clappers 
(which always strike much harder) of the great bell of 
Paris and other foteign bells. • 

But as Messrs. Warner arfe pleased to insinuate that I 
cracked their bell, 9s well as Mr. MearaM, and we have 
learned something of its constitution /’since it was broken 
up which, could dot be kpjwn befor^, I shall say a little 
more about it. Besides that fatal mistake in the thickness, 


the porosity which was altoays visible at the top, from the 
metal running short, was found to go much deeper than 
was1?uspected ; and the metal throughout was very inferior 
in density to the bits that were cut from the t uimers at the 
top and the fins at 'the bottom of the bell; though the 
jtorosity«was ycry much less than in the second hell. But 
worse than all this, Mr. Mears found«in breaking it up, that 
•there was a place aMaf, 18 in. by 5 in. inside the sound- 
•bow, where the two streams of metal had never united : at 


least that was the opinion of the learned in such things. Ofle 
of the sides of this uatural cr,nck came into Mr. Taylor’s 
possession,* and was borrowed of him to exhibit at th£ Civil* 
Engineers’ Institution after ivfr. Mears ’ 4 bell, had cocked. 
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It is true that this was a mere accident, ana a very singular 
one, and not likely to occur again as Messrs. Warner now 
cast their bells : bjut there it was ; and so I thi)j|ty this 
4 great success * of theirs (which still figures in their adver- 
tisements) jftid Mr. Hears 1 ; 4 magnificent casting 1 may pair * 
off Without much injustice to either of them; though it 
must be added that Messrs. JW^Jner hswe sifice been really 
successful in two bells of unusual size; while Mr. Hears 
deflares it to be impossible to # cast large bells less porous 
or more homogeneous than Jus. * * 

Mr. Mears’s bell. When the first bell cracked, neither 
the Commissi<*per of Works dor the referee^ had any dGsire 
to take the re-casting out of Messrs. Warn$r*B bander but 
just as Mr. Mears had lost it in 1855 by making sure of 
getting it on his own terms, so%id Messrs. Warner m'1857, 
by making sure that Mr. Mears would not be employed on 
any terms, and standing out for a price, of which I w ill say 
no more than this: Mr. Mears’s price for re-casting was 
just 50 per cent, above the price which,is almost invariable 
for bells of all sjzes (for in*castiug large bells there is less 
moulding to 'do than *for small ones in proportion to the 
weight of metal) ;\na^et Messrs. Wlrner demanded a price 
which would have*eome to a. little nscwe than twice what 
Mr. Mears received. The consequence was thaB he got the 
job, and they lost it, and apparently consider themselves as 
ill-used as he did in having lost it the fiast time ; and they 
expect it to be forgdtten that when they got it thei’had 
some of the fundamental principles of their art to learn, 
and received an unheard-of price besides, for casting 24 tons 
of bell-metal, two thirds of which was a complete failure; 
and ought never to have been paid for. 

Ever since Mr. Mears’s bill cranked, he has had tlye’ 
advantage of telling his own sftorjp; almost without contra- 
diction- The gentlemaq who does the science of the Tvnrn 
— and many other things^as well — and evidently derives a 
good deal of information from some particular friends *of 
mine at "Westminster (not that I take that’ to be*his only 
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motive), immediately espoused Mr. Mears’s cause. The 
jotioii of that ‘rnagnificent casting* bidng unsound was 
ridiculous ; any thing rather than that : the composition 
must be wrong, and if wrong it must be my fault; the 
hammer was probably toa t heay, or the buffers wrong/or 
th % e bell too tight in the collar — i ©id not this journal 
always protest agpinsi that? And now ( at last it has 
clearjy Graiked the bell.* *And so forth. Then came Mr. 
Mears’s action, in which his counsel made a speech, <and 
then madet an end of the business without any damages, 
' $nd ‘without getting, and r being expressly refused vqhat 
Mr. Mears had been fighting for throughout, viz. a. re- 
tractation of my statement that his bell would never have 


been certified if the holes in it had not been concealed . And 
ashehad to give 1 up also anofter thing, which 1 was certainly 
flattered at his contending fpr, viz. an engagement from 
me not to publish my version of the affair, I shall now take 
the liberty of doing so. 

When he tendered for recasting the bell in 1857 we 
heard no more of his objectior to the referees, by which he 
no doubt knew that he had lost the'easting #f all the bells 
in 1855, and had thereby Bet up a ft,rin?flable opposition to 
the almost monopqjy which be had enjtf/ed for years. He 
was willing even to accent tne design of the bell from me — 
a much greater interference than had been proposed or 
contemplated i’Vi ^ 85 5. The composition, which he has 
since pretended that he objected to,* was not arbitrarily 
prescribed by me, but was inserted in the contract ^vith his 
full concurrence, and more than concurrence 5 ftr I asked 
when he brought me the draft contract and proposed 
some alterations, whether ho wished, to make any in the 
Composition of the pld bell (which was the same), and he 
answered No, and that *il *was about what he should use if 
Jeft to himself, and that the metal^would be all the better 
for being melted again with the addition of some new. On 
another occasion too, he spoke to me of the bells of one of 
the other founders being generally too soft, ffjsthey were ; 




and even at his trial, where he had prepared for a lecture 
on bell-founding to the jury, by casting some thin bars of 
different compositions, his counsel did not venture to ring 
them without admitting the superiority of tone of the one 
nearest to the prescribed composition. The trial stopped ' 
befcAre breaking point ; and as not one of the bars was of 
the actual ’Westminster composition, the breakjng experi- 
ment would have proved nothing — except that he tfas afraid 
of Snaking a fair one. But independently of all this, do 
Mr. Mears and his friends expect to convince anybody that^ 
lief being of lluud mind and understanding, deliberately 
signed a contract to make a^bell worth 2500 l. of a ltfetal 
which hp even suspected to b<* too brittle, when tk® same 
contract provided that tho referees might try it as they 
pleased with a clapper of 7 c^t., and if it cracked m the 
trials (as the former boll did), he was not to be paid for it? 
That he had discovered it was too brittle, and that his 
friends at the Westminster palace had also, long before it 
cracked, I have no doubt ; for we learned from his counsel’s 
speech, that they knew both that and some otLcr things 
about it, of which the referees were never informed. But 
it is now known Mso^tbat the rcusdn why it is too brittle 
is, not that it is of n,ke prescribed composition, but that it 
is not , at any rate in tho sound-bow, which is^cracked in 
six places already. 

Still, as the prescribed composition cooeteins rather more 
tin (which produces the hardness, and brittleness*, and 
sonorousness of that alloy of copper) than is usual in 
modern bells, I will give the reasons why it was adopted j 
although 1 should have no more objected to Iffr. Meaf^f 
altering it a little, ^if he desired, than 1 did to Messrs. 
Warner doing so in the Doncd&ter church bells, which were* 
cast under my direction exactly & i ^the same time, because 
they complained that thqt metal is so hard to cut for tunihvi, 

First then, we found iu the experiments of 1855, what 
Mr. 1 Mears admitted at his trial, fhafc increasing pro- 
portion of up to £ of thfe copper sensibly improved the 
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sjund, and that the difference between anything near that 
proportion and the 4 to 1 composition, which Messrs. 
Warner then used, was so great os to. put that soft metal 
9 out of the question. Next we found that 3 to 1 was tjie 
turning point between a distinctly crystallised rtietal with a 
glass-like or conchoidal fracture, and a strong metal" not 
brittle ; and tfiat 21 to 7 fyief melted (which it was stipu- 
lated* thSt this bell-metal was to be for other reasons also) 
was perfectly safe. At the t same timq, Dr. Percy, of the 
, Govqrnmeu!/ School of Mines, was kind enough to analyse 
for us some bits of Old ^oiti of Lincoln flhd some other 
old, ‘bells, which* Mr. Taylor 6hd I happened to have*, and 
the prt/portion «f copper in them was barely f of the whole; 
and t,hf published analyses of some great French bells 
which were melted into cannon in their first revolution 
give even a higher quantity of tin : in short, the West- 
minster Sf- is not a less, but a greater proportion of copper 
than was giv^n by any of those analyses. Several autho- 
rities in books give.even 3 to 1 as the best composition for 
large bells. • r 

There was therefore every possible & priori reason for 
being satisfied that the' mixturfc wfts a perfectly safe 
one, if it was only^loun^ly^ast ; and Ine same conclusion 
is amply confirmed by experience. For there are the 
Westminster quarter-bells •'themselves, of the same com- 
position ; and ’dtouugh they have not been long at work, 
havJWg being stopped by the secretaries of the Board of 
Works out of sympathy for the hour-bell when it cracked, 
anybody can tell by fiWng them that their metaf is totally 
mferent fjpm the brittle sound-bow of Mr. Mears’s bell. 
Several other bells of various sizes hav? now been at work, 
for three or four yenrs^ bflfh as ringing and clock bells, of 
the Bame composition, * Moreover it happened that the 
Shadiest quarter-bell was at first cast rather too thin to sound 
the proper note, and consequently had to be broken up and 
recast;. and^all Messrs. Warner’s smiths and I tried imwain 
even to r crack it with their largest hammers, it wa'$ only 
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broken at last by laying it down and breaking through t^e 
thin part from the inside. It is evident therefore, that this 
pretence of the prescribed composition being too brittle 
has no foundation whatever, either in the history of old . 
bells or experience of nev oifSs, and was only invented 
ex post facto hi the hdpe of withdrawing attention from the 
miscarriage of the casting. % # # • # 

A new design, or section, or sweep (as the belltfoimders 
cal! it), had to be m$de for thi§ second bell, because it was 
of course intended to be, this^tiifte, of no mote thaj tlio # 
proper thickness; and the diameter was consequently reduced 
from 9 feet 5^«inches to 9 fe&t in order tp reproduce^the 
same note, a rather sharp E natural, to agree arith the Quarter 
bells which had all been cast then. I al^p made ^alter- 
ation in the shape, which was an evident improvement in 
appearance, and I think it also produces a better sound. I 
shall describe hereafter what I now consider the standard 
pattern for bells, which again is slightly different, and ought 
strictly to be called the Doncaster pattern, rather than the 
Westminster, as the bells eff Doncaster church were the 
first peal madtffrmn it. The Leeds bell and the recast 3rd 
quarter bell at TiV estAinster are also from that pattern: 
not that an ordinary observer pdteeive an^ difference 

in the shapes of all the five bells now, though the difference 
of the first Big Ben from the second was visible enough. 
The height was reduced to 7 feet 6 inclieff'J^vhich will stive 
an enormous expensd in taking up a new bell, as 1 jfiave 
already described a# p. 351. The sound-bow is 8 J inches 
thick, and # the thinnest part, fiear the top, 3 inches. The 
note came out exactly in tune with the great qyarter heft, 
and two of them would have required tuning in any case, to 
make them agree with the othfe tw«^ and so that part ofc 
the business was at any rate successful, and to secure a 
now bell of the proper note again there is nothing toTKT 
but to copy this one exactly in sbaj^p and thickness. 

Tlfte bell was cast on the 10th of April 1858; not- fn my 
presence; aos b&d I anythiJigmt all tq do with it, beyond 
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sipjgesting the mode of blowing in the hot air to dry the 
mould. Mr. Meavs told us that io tons of the metal were 
iA one furnace for hours before the casting, and the rest 
for different shorter periods ; and that it took 20 minutes 
to fill the mould, into whftii the metal was tfuu through 
open channels from the furnaces. I leave those who nave 
experience .in large castings in bronze to judge how far thosQ 
unusually long periods for both operations are likely to 
have' affected the result. The bell w as taken out of ‘the 
jnould, it was said, on the 24U1 of April ; but neither of the 
referees had notice that it was ready to be seen until the 
ioiji of May, .although I had particularly desired Mr. 
MenrS; both before and after it was east, to let me know 
as sopv as it was ready, and he had promised to do so. 
What was doing in that interval of 16 days, his counsel 
has been kind enough to teH us. I went there imme- 
diately, and Mr. Taylor went a few days afterwards. 
When I first r saw it, the hell was ‘trimmed * (the meaning 
of which he has also told us), and hung with a light 
temporary clapper for sounding it. 

I examined it carefully all over, specijjlywith the object 
of looking for holes on the surface, which are the only 
visible indications* "of unspundness, tnough it may exist 
without them. I could find none, for tlio very good 
reason, that they had hceftL filled up with the cement of 
reSin and belHKmgs, which Mr. Mears’s counsel described 
as regular and proper thing. He also gave me a piece 
which he said had been cut off from t& sound-bow, where 
tjie hot air had been Blown in, and the piece was Very good. 

the whole bell had been like that, it would have been in 
reality M he magnificent casting * wlmh it appeared to be 
^when trimmed up ‘ make it look better/ as we learnt 
•from the same candvt exposition. I do not mean to say 
■That it ever approached the quarter bolls, or even the first 
great bell, in smoothness of surface, or what is called 
cleanness 6f casting: but that has nothing to do® with 
intern#! soundness, At tlw ri&inc time it should be Known 
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that a smooth and even-surfaced bell is better than a rough 
one: small bells are known to be improved in tone by 
having their surfaoe turned. For that reason too, ornaments 
On the surface are objectionable, and I refused to allow any* 
except in*very Blight relief antf* near the top of the bell* 
f heard ft struck with the light clapper at the foundry, 
and the soudd, was good a%far as it •went, and free from 
that peculiar buzz which it acquired afterwards, and which 
some persons fancied was from metallic contact with the 
iron collar : a theory to whiqji ttierc is one father strong 
objection — +hat there never was any such contact, seeihg 
that the collaf was packed with ‘ rope-gasket * between it 
and the bell top, as the people who wrote in the newspapers 
about it might easily have ascertained if they hlaed. X 
have no doubt that the buzz in both the bells (for the firat 
had it still more), was freftn that natural internal crack 
which I have spoken of in the first, and from the external 
cracks in the brittle surface of the second, avhich probably 
began long before they were accidentally discovered. It is 
clear that a bell tdoee not acquire the well-known sound of 
a cracked belt *iptil JLhe continuity, of the metal is com- 
pletely destroyed, that is, until there is a crack right through. 
Indeed, Professor ^Tyndall reppr^s to* the Boajd of Works 
that the 6 cracks in this bell have not yet affected its tone. 
I can understand a person of little or no experience in bells 
not perceiving the jarring of the crack? 5 mien it is struck 
with the full force of the clock-hammer. But it is cjfrious 
that thte Ijghter it is struck the more sensible the defqct is ; 
as perhaps Mr. Cowper and his advisers will learn by tli£. 
timejihey have made that alteration of the clonk by wWeh 
they expect to raafce a large cracked bell speak like 
smaller sound one. Poi osity nas # § bbrnewhift similar effect 
to a crack, though distinguishable* from it. Some people 
will have it that Tom of Oxford is cracked : I am pratEy 
sure it is not: the large, holes visible on th$ surface (the 
model of which Mr. Mears^or Mr. May the’Vngineer for 
him^prodweed in couit as a proof of the unimpoftance of 
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holes in bells) are quite enough indication of unsound- 
ness to account for 1 the unparalleled badness of the sound. 

'The bell was sent to Westminster on* the 31st of May, 
<1858. The next day I was surprised to find that it h*d 
been painted (I do not meat with oU paint, but with some 
wash containing muriatic ^acid) a sort of bfonze colour. 
Some persons thought this* rather a suspicious proceeding 
at the 'time; but although I told Mr. Mears I wished he 
had let it alone, I did not *hink it neeesBary to make him 
/•lean Jt off, because I believed that Mr. Taylor and I had 
already seen the true surface of the bell at the foundry. 
But he gave us a little more information abbut this at the 
trial, which of course is to 'be received as credible, so far 
as it is* a confession of one of his own intended witnesses. 
It appears that the person who suggested this washing or 
bronzing operation to Mr. Mbars, and did it for him, was 
Mr. Jabez James, who made Sir C. Barry’s clock hands; 
and that it was done, like the filling up of the holes, ‘ merely 
to improve the appearance of the bell,’ by hiding some 
bright places where ‘fins ’ or excrescences 'had been cut off. 

This was not the pnly service which Y^s^onfessed, first 
in a letter from Sir C. Barry himself to the Board of Works, 
and afterwards by Mr. - Metnfo counsel, tlS have been rendered 
to the Bell by this same Mr. James, and the clerk of the 
works there, Mr. Quarin ; f<Jr it was they who filled up, not 
with resin but zinc, another hole, which was also found 
by l&Jr. Dent’s men, much larger than those first discovered 
ones t which Mr. Mears’s admirer, the sub-editor' of the 
described as being 4 no bigger than coffee-beans,’ and 
IfecTcfore* quite insignificant. This was an internal hole 
or blister, of which the shell was accidentally broken in by 
the chains in hoisting fcjie bell, and these gentlemen quietly 
filled it up with zinc, and never said a word about it either 
tefthe referees or the Board of Wcrks— until it was found 
out— ‘because they knew it was of no consequence.* No 
doubt too they knew it was of no consequence, and indicated 
nothing as to the t soundness' of the bell, that from the 
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bottom of that large hole there were bther small ones 
running deeper^ And we know that thay all think nothftg 
more of the porosity which is now visible on cutting into 
the bell, even where it is apparently sound. It would be 
rather interesting to see ajbcll^ast at "Whitechapel (if sucti* 
a Miscarriage ever hdppens there), which Mi. Hears and* his 
friend!; do really consider unsojftid. • • 

The great bell and the four quarter bells wertf all tried 
together on the 18IJ1 of June j 858 by the referees, with the 
assistance of Mr. Turle, the organist of Westminster Abbej^ 
and various other persons. There were some smalt opfn 
holes in the tap of the 3rd of E quarter bell,*and it was also 
thought by the musical judges*inferior to fyie otliers^ki tone, 
as I have no doubt that a porous bell always would pe found, 
whenever there was an opportunity of comparing It with 
sound ones of about the same size, which unfortunately 
there is not with a single very large bell. Moreover, I had 
learnt from the breaking up of the first great bell and other 
castings, that external porosity is an almost certain indica- 
tion of something worse within. The aforesaid Mr. Quarm 
and Mr. Jank^eing present, I asked their opinion of the 
bell, merely as a question of casting* and they both thought 
that it was not onfc which ougjit ^to bypassed. M». Mcars 
was also present, and notwithstanding his conviction of the 
insignificance of holes, he did not say a word to save Messrs. 
Warner’s bell from condemnation. Nwloubt he thought 
they had been ver/ negligent in not ‘ trimming * it properly, 
and deserved to suffer for it. • 

This concurrence of Mr. Mears find his two supporters 
at the rejection of Messrs. Warner’s bell with sipaller JjilW 
than his own, and in a much less important place, was 
naturally felt by his lawyer# "as a»<iilemraa, which, to sff 
the least of it, required expiation; dnd this was the 
explanation hit upon Inasmuch as the great belh^isas 
twice as large as the jondemnqd small one, the Holes in 
tMt were larger in proportion, it was saiopL though {hey 
were absolutely smaller. • They were notT so in fact, but 
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never mind that.' Moreover ' the holes are on the sound- 
bo& of the great bell, but were near the top of the other ; 
but never mind that either ; for this plausible piece of 
nonsense admits of an answer not to be affected by any 
fonount of ceunter-swearirtg as* to the relative size or 
position of the holes. r if this n£w theoiy of metal- 
lurgy is to . be 'adopted, wb njust adopt a new table of 
specific gnavities to suit it, which Bhould be called the 
Westminster table, indicating the various proper densities 
of the same jpetal according to the size of the masB that it 
belongs to ; and before a piece of any costing can be pro- 
nounced sound* or unsound, wb must be informed whether 
the mas»i was iqp or 10,000 times as large as that. I 
wonder wrhat Lord Eosse would say to a 4 ton speculum, 
which the founders and their friends insisted was a good ono 
because it bad only holes in it not quite 1 000 times as large 
as in a good one of 9 lbs ; or whether large guns are allowed 
at Woolwich to be twenty times as porous as small ones.* 

There was another remarkable proposition respecting 
porous bells stated for Mr. Meiirs in courts and previously 
by the aforesaid Westminster clerk of th$ 4 t'orks in my 
presence. Ho said, 4 you may have fifty, bells cast before 
you will* get a belter*. 1 a pieaging prospect truly, consider- 
ing that we have hitherto* had* a great bell to cast every two 
years since 1855, and have not yet got a sound one. The 
other, way of st«m*g the Bame proposition was, that all 
largo %ells necessarily have holes in tb'em, and that they 
cannot 1 bo cast without ; though Messrs. Warner’s large 
bell had none, except near the top from the accident I have 
dfrej p^y mentioned. However, as Mr. Mears instructs his 
counsel to tell the public that he considers it impossible to 

* It bhould he understood ttihn iii all these copper alloys there is some 
poftaity; hut in good xuetal it is only -visible with a magnifying globs, and 
I n?cd not say that is not the kind of porosity*! am talking of. There are 
above forty holes ip the snrfaoe of this bell, varying from ^ to { inch in 
dianfeter ; much fem than that,* according to my experience, would bean 
infallible indication, of still more porosjty inside, and ,°very cut that has 
been made rfrveals more of it. * 1 " • 
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cast bells without holes, and that it is thfe regular tiling at 
his foundry to sfop them up with resin, • I am not the lclftst 
disposed to question it, or to believe any longer that this 
hell is at all worse than he himself expected it to be when 
he took thfi contract. IndeecWt is not so bad as the YorK 
bell, except* for the*unliomogeMjttpess. »I cannot speak 
of the composition of the # Mcft^PI«one,*but # I shall be 
very much surprised, from tlio sound of it, i£ # it*is not 
found to be equally full of hples whenever it comes to he 
thoroughly examined ; and the Boyal Exchange clock-bell 
Was more porous and still worse in sound than this. *ToJ>e 
sure, it vrouldfliave saved a fhst deal of trouble and espouse 
if ho had only told us all thfts before hq got the contract, 
instead of two years afterwards. And 1 do not think any- 
body w'ould have guessed it from the letter which lie wrote 
to me after the casting of the hell, saying that he ‘ had 
‘no doubt we should have a iirst-rate casting, without the 
‘ beauty-spot s of the former bell.’ Ilowever^iu future it will 
be a fully understood condition of Ins •contracts, that holes 
are to he allowed, provid&l they are no bigger than those 
in the OxforvV^ll ; and that an excess of tin or deficiency 
of copper in the sofind-bow is also to be admitted as a 
common and mu&oidable incident to* casting, aiul is no 
ground for rejecting a bclL • 

I was curious to see how the other founders would take 
this public declaration of the impossibifc J jj*of casting homo- 
geneous and solid bells, and whether they would agree that 
resin* and bell-filings are as good as solid metal. Messrs. 
Taylor qf Loughborough w T rote to me, and also to Hit Times 
to potest against those statements and some others, 
they considered a #eflection by Mr. Mears on^bein an<f all 
the other founders. Their titter w#s notwrinted; and & 
wonder, seeing that the Tme§ R\d vourffed lor tlio sound- 
ness of ‘ Mr. Mears’s ^magnificent casting,* even afte* ihe 
discovery of its defects had begun. Messrs. W arnei^took a 
different line; and their fetter was printed, anaqnly ppy answer 
to it suppressed. They tUbught it was a good opportunity 
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to lift 4 up their heels and insinuate that £ had cracked 
their bell; and they were content to accept in silence Mr. 
Mears’s statement that the casting of large tells without 
holes is impossible, though they have themselves proved it 
to be possible. It would dxubth'ss be very convenient for 
them if they could gej^lhe public to believe that porosity 
is unimportant, if nqfc^pPnable ; for then, whenever they 
have the bad luck to cast unsound bells (as anybody may 
sometimes), they would escape having £o recast them into 
hound ones their own expense, as they did the condemned 
quarter bell, and another which I had condemned before. 
Thert -will be no difficulty in getting Bound amd gooct bells 
if peoplu will inexorably reject bad ones,* as they ^always 
may if they will make proper contracts, and enforce them 
rigidly. Mr. Mcars may decline to cast on these terms 
if he thinks them impossible but there are at least two 
other founders who will not decline 

■When his bell was sent to Westminster, he begged that 
‘it might not be knocked about with the clapper as the 
1 other was : * rather an odd request to make for a thing 
whose only business in the world is to be f knocked about 
with a clapper. However, in consequence of the com- 
plaints of persons nv the neighbourhood about the noise 
of ringing the first bell for a quarter of an hour a week, 
Mr. Meara’s request was unfortunately complied with. If 
it had not, we shMud have lpamt the good qualities of his 
bell before instead of after it was hung; for I have no 
doubt Glint an hour’s ringing with the clapper would have 
cracked the brittle crust* of the sound-bow, and tlipt would 
lia^ led to the discovery of the other defects, as it did 
afterwards. ‘ « 

The bell frame. The bells' were taken up tbe tower soon 
after the recast' £* bell yfas delivered by Messrs. Warner, 
anii-^ic great bell was hung soon aft$r and tried in its place 
with tne clapper in November 1858. The bell frame is 
made of wrought iron beams resting on cast iron strtfts 
standing on the tower walls. * I r had told the clerk of 'the 
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works long before it was finished, that it would require 
some diagonal* braces to resist the oBlique action of the* 
great clock hamfher, which must reach the frame some- 
where. put the Westminster architects and engineers 
kmew better : they yrere Convinced that the stiffness of the 
joints woulJ be enough. It yilt not do jfor them to say 
they contemplated the bell being hung differently, for the 
igode of hanging had been settled since 1856, aqd Mr. 
Jabez James had •made the* collar ready for the first bell, 
and also the shanks of the clock hammer, wllich w»s then 
too expect ed to be not 7 but 1 3 cwt. The first blo^ vfith 
tbo clapper, before any clock hammer was tried, settled the 
questi&n of the frame ; and as the reporter for the Times 
then said, 1 the necessity for increased supports wits* at once 
apparent.’ The attempt to account for not only the 
shaking of the frame, but for the defective sound of the 
bell, by the rigidity of the hanging, was a later invention ■ 
which rather unluckily was not propounded until after the 
bell had been loosened, iq the vain hope of thereby pre- 
venting the \ibflation.of the frame. And it is an amusing 
specimen of lSlfWlibil^y, that wliep the Times was loudest in 
praise of the sound of the bell, itj^ was screwed up the 
tightest ; and when they and 4 heir followers declared it v as 
Bpoilt by being screwed up tight, it was much looser in the 
direction of the clock hammer than any jjhurch bell in the 
kingdom is, or cay be, when hung in the usual way./ But 
whatever else may be effected by getting stories gf that 
kind published, they will not strengthen bell-frames ; and 
so Sir 0 . Barry and his men at last set to work to da ifc— 
withjron braces instead of newspaper articles, •jftid finffifced 
it in five month^J doing tjjqn as 4 nucli more than wan 
required for the purpose, as thgy.haft befjjj^don^ too little. 
However there is no great harm fh that, beyond the ya ffil 
of money, which is probably a small item in the two millions 
and a half spent there. • • V • * 

$Jie Cloek-Ifyintner. 5Jr, Mears’s anxietjnbhat' his bell 
‘might ribtT be knocked about with the clapper "before it 
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wac hung,’ naturally extended to the clock-hammer, which 
he requested might not be above 4 cwt. • I should have 
thought ho must know that it was ridiculous to expect a 
hammer of 4 cwt. to answef, when the clapper ,of was 
evidently not top large. Clock-hammers always have to fc be 
heavier than clappers, to juake the boll Bound properly 
(which 9 put of 10 do not, because tljie clocks are too wreak 
to lift/them), inasmuch as they onlj fall a few inches, and 
are checked by a buffer^ or* spring to prevent them from 
lying on tht bell, which would spoil the sound ; though 
they^pften do that also from t ; he springs wearing out dr 
gettiugjoose. Ibowevcr, to satisfy Mr. MeaiS, I began the 
trials with a 4 cWt. hammer, capable of being increased by 
1 shifters*' to nearly 7. It is not worth while to go through 
the details of the experiments, which wore carried on for 
several days. Mr. Mears could not help admitting that 
ueithor 4 nor 5 nor 6 cwt of hammer would produce a 
sound equal to* that of the clapper, witli even a higher lift 
than we have got. ISeyond a certain point, I may observe 
that an increase of lift does no good* though of course the 
force of the blow increases as the s^uartr root of the lift, 
except # so far as it is ^educed by frictioi^ and the inertia of 
the shankB #nd levers, as 'It very materially here. There 
are always some particular weight and lift of hammer that 
suit a given belj^bgtter ihan any other, and they can only 
be determined satisfactorily by experiment, or by pre\ ious ex- 
perieqee in a similar case, as they vary for hells of different 
shapej thickness, competition, and soundness of crating. 

^ , It was at last agreed, after trying them both 'near and 
at' some distance m the Park, that a hammer of about ? :wt. 
**?’ftcd 13 in. obliquely, or at, jight angles to the face of the 
beL 1 , was better •tfian any«otber; and the permanent hammer 
» .^la^cast and the leveri adjusted accordingly. Mr. Jabez 
Jamoc, who made it, stated in a paper read at the Civil 
Engineprs’, tl^t it was 6 cwt. 3 qru 10 lbs.; and indeed^the 
size proves that it cannot bo moje. On aecqunt of its being 
fixed more obliquely than usual, the actual pressure of the 
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hammer on the hell or the buffer-springs' when at rest # is 
under 5 cwt. ; or, what is only another Vay of stating the 
same thing, 1 3*in. of oblique lift are equivalent to little 
more thai^9 of vertical lift ; apd 9 in. fall onto the bufferj 
leayes less velocity gnd nlomdhtum of the hammer on. the 
bell than if A fell 7 in. without # any buffers/ A clapper has 
a long run at the bell and has tio buffAs. A ball # of 7 cwt. 
w$.s dropped onto thi? first bell to break it ifp, tiot 13 
inches, but 24/tffitf, ^perpendicular and free, and it bounded 
off without even tracking th^ bell, and a 24 «wt. b%Ll ha*} 
to be used ; which is another pretty ptiong ]>roof of the 
toughness of that composition when cast^oundly. "1 
The tJracks. The clock begaq to strike in July 1859, 
and Mr. Dent’s men found the two principal craofc* in the 
bell on the 28th of September ; and in exploring them with 
a steel pricker they made the first discovery o£ the filled 
up holes, three of which were coincident with one of those 
cracks, and a cluster of others near it. No other defect was 
then discovered or suspoctcd, except tBe unsoundiless indi- 
cated by those holes tho surface ; for although a great 
many holes as^ISrge ayj most of tjje^e might exist on the 
mere surface of a hell of that size # witiiout doing much 
harm, a very few such holes %a ♦the Airfare a^e a* certain 
indication of there being <nany more below the surface. 
And accordingly the very first cut that was afterwards 
made into the bell, .even at an apparentTy'sound place* dis- 
closed a state of internal porosity wor&e than any that 
appeafe&on the surface. J 

Beside this, the position of much the largest crack jo£ 
all ^^ved that it had come from some internal «defectf and 
not from tho mere # forco of tjip blow, for instead of beiqg 
exactly opposite to the liammgr,pf*at oT greqjcet 

vibration (as the sub-editor of tile Times with his usual 
accuracy asserted), it Happens to be exactly at a plq]Se^!F 
leagt vibration (as Proftssor TyadaJl specify noticed in 
his report *to £ he Board 0 £ Works), where, to belt in the 
wofld e>er* cracked or can crack except from Congenital 
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^soundness. And therefore, when I heard of the discovery 
of the holes, and fhc cement in them, and* the cracks near 
to and coincident with them, and the larger crack at a 
point of least vibration, I had no hesitation in publishing 
my .opinion that the bell was * congeiytally unsound * (?,nd 
so it turned oijt to be, cv^n more than T then supposed), 
and that b the porosity was ttiencaus^ of the cracks, which 
turne# out wrong, because there was**something worse, r 
I immediately wrote to inform the Board of Works of this 
pleas.^jit di&overy, and Ihey immediately acted with their 
uSual energy and intelligence,; and I may add, with the 
usual consideration of Government Boards lor people who 
have been doing for them # for years, gratis, the work which 
they weie confessedly incompetent to do for themselves. 
The first thing they did was to order Mr. Dent to stop the 
striking of all the bells. I told them there was no reason 
for stopping the quarters; but they knew better : or per- 
haps the pleasure of stopping anything was irresistible. I 
only worider they let the clock go at all. They did lock 
the clockmakers out of the tower and stopped the comple- 
tion of some things which another t fortni'gfit would have 
finished, and only allowed the men to go up once a week to 
wind the gojng part underlie supervision of their own clerk 
of the works. And neither with that escort of their own 
officer, nor without i t, could T get leave from these potentates 
of the Board of ^orks (Mr. Fitzroy hijnself being then ill 
and during) to see the cracked bell at all for more than 
six wyeks, notwithstanding the pendency of Mr* Mears’s 
jiclion, whose object of course was to prevent his bell being 
preted to*be unsound, and who resisted as far as hcyCcuLd 
$yery proposal to bare it fairly investigated. It will be 
see^i pre3ently*4*bat if' the , Secretaries of the Board had 
^ acted as any man of sen'oe would act in an affair of his own, 
SEey *piight have learned that it Was unsound in a week 
after it was cocked ; and I needaiot say what they ought 
to have domain that case. It t 9 ok nineidays more after I 
first saw' the bell, to persuado them to have Mr. J&bez 
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James’s blue wash rubbed off, and the trie surface of the 
metal exposed *by cleaning it with sulphuric acid : after • 
which I counted *40 distinct holes, from to £ inch In 
diameter, Resides several clusters of smaller ones, which h&£ 
all Jbeen fiUci up either wifh th% resin and bell-filings, ob the 
zinc before described. And it was not for two months after 
the discovery ef the cracks# ana hole# ana cement, that I 
w$s permitted to cut ^ff from this cracked and pforofts bell 
of 13^ tons, a bit ‘sot exceedfug an ounce,* to be analysed; 
and even after it was analysed and proved to be b§d, tl^p m 
Board of Works still absolutely refused both my anpliea- 
tion, and the Suggestion of their own examiner, Dr. Eercy, 
that tl?e bell should be further cut into to the depfti of the 
cracks at least. One might almost suppo^p that they hoped 
the cracks would heal up of themselves if they were only 
left alone ; and perhaps that is the true reason why nothing 
has been done yet towards getting a new bell, which might 
easily have been made and at work again by«this time. 

At last I got the ‘bit not exceeding an ounce,’ and Dr. 
Percy got another bit, and Mr. Mears another, all cut from 
one of the ‘^res* or ornamental 5 rings just above the 
sound-bow, and at a place which appeared sound externally. 
The cuts about 1 3%in$hes, *and when tttey wene 

made they (Splayed internal porosity for neany the whole 
length; thus confirming the judgment which I formed as soon 
as I heard of any superficial holes being discovered. But I 
immediately saw that there was something worso still, and 
that tfie composition had altogether miscarried. Alid the 
several analyses, of one bit by Messrs. Johnson and ifatthey^ 
thflM* payers, and of the other by Dr. Percy, amply confirmed 0 
that view. But fiftl I bhoulc^ mention that, besides thegp 
pieces from the sound-bow, l 5 r 4 hacj^otlifer bit^at 
from near the topi of the bell ; £nd tUSt piece does not 
deviate materially from*tbe prescribed composition, bufddesT"! 
fall 5 per cent, short of J>he minimum specific gravity (8*8) 
prespribed t by Jherontract^ while that of Metws. Warner’s 
belk slightly exceeded it, botlf at the tpp anl the bottom. 
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Fhe analyses proved that, instead of the bell being 
^7^111 throughout, according to the contract, one of tho 

Sits from tho sound-bow i&onlyi 1 — , and tho *other-^-^, 

7 * , <7 

72 *^ 

while the bit from the- top is In other w pi ds, the metal 

on thei,* cracked sound-bow wants fr^m 33 to 46 lbs. mo-e 
copper to every 1 cwt. of £in,*to make tfto bell either liomo- 
goneotis, or if the prescribed composition. So after Mr. 
Mbars and his allies had been labouring for t;vo months to 
get Up proofs, and'^vere evidently going to swear, that the 
bell had ciacked* because the prescribed composition was 
too near die turning point of brittleness, it turned out that 
he had himself contrived to make it very much beyond 
that point, and so brittle that it was quite certain to crack. 
Dr. Percy also sent to the Board of Works by way of con- 
trast, the analysis of bits from the top and the bottom of 
Messrs. Warner’s bell, which was nearly homogeneous and 
deviated very little anywhere from the prescribed composi- 
tion. It will not ava*l Mr. Mears^o that the bits 
which were analysed, wore only from the ‘wires,’ and not 
cflfc out of tho body of tlic?s<rJnd-bow; for itygas his own 
fault that they were not : he was asked to toucut m an 
application to the^. Board to cut farther after those cuts were 
made^. and he refused. Moreover, other bits accidentally 
chipped off the edge of the hell show just tho same brittle 
kind 0^ fracture, and tho sound-bow has been trie 1 With a 

'•file all over and is everywhere as hard as where the bits 
weft? cut offhand much harder than at the top, wher^lho 
composition appears tfcbe right, though the specific gravity 
ia^ong. « 

- nr N ( body can have had any real doubt after this discovery, 
whatever ho might choose to say, that the miscarriage in 
the" composition, and tho consequent brittleness of the 
sound-bo\£, was the cause of t tlm bell beHng cracked in* five 
or six places. But L must he added, that if the boles bad 
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not been concealed, and if Mr. Mears bad Resisted the cqp* 
demnation of the bell on that account* as he very likely 
would, and had brought people to assure us that porosity 
was of no ponscquence in his b # ell, whatever it might be in 
Megsrs. Warder’s, I ^houlcl at %nco have dared him to .cut 
into it to the- depth of the holes^as I did whjSn I condemned 
a previous befj of Messrs. Warmer’s ; atid we know that the 
vejy first cut would h^e revealed two things, afe it* did a 
year and a half afterwards : — Srst^the still greater porosity 
below than at the surface, and secondly, this othor anjl 
more fatal defect in the composition. A 'id so it is the fafct, 
that although Iblie holes did not cause the*cracks, the defect 
which Hid cause them would have been *Hscoverecf if the 
holes liad not been concealed ; or else the* condemnation of 
the bell for porosity would have settled the question 
without further discussion, and it would never have been 
hung to crack. 

Mr. Mears’s action. When 1 first announced to the 
public that holes had been ^discovered in +he bell, tilled up 
with an artificial cement, and that the refinees had no 
idea of the ?&stencg of such Jiojes when they passed 
the bell, Mr. Mears replied in the g'mes with 4 the most 
unqualified contrafttbtlon and* enforced it witji the state- 
ment that lie was going to refute the calumny, and vindicate 
the soundness of the bell, by an action. 1 have no hesita- 
tion in saying now, what 1 suspected *b?fore the bell was 
cut into, — that if the Board of Works had done their duty, 
and li&d a complete examination of the bell made $ once, 
(which, according to Mr. Cowper’s own account, they have,, 
not* fjone even yet), no such action w r ould hawo gone-on, 
and the fables would have beep turned on Mr. Mears. 
it was, he was persuaded by lqs.gdfisers^^er Ho kng^kl 
had got the analysis, to retire without a verdict, and with out 
getting, but on the contrary, being distinctly refused, t£e 
tractation of that statement wliiA both ho %nd his eouaascl 
declared tc* be sting of the libel,’ viz., tbW the* bell got 
passed fhe hol$ being concealed. v But his persistence 
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u ft to just that^point did something more. His counsel 
had to expand liis ‘unqualified contradiction 9 of my 
published statement about the bell into an explanation of 
Jlr. Mears’s theory and practice of bell-founding and bell- 
trimming. And in so doing’ he fcad tq make $he following 
remarkable avowals : — 

1. That there werfe holes visible in the souhdbow of the 

bell when the mould was cleaned off.( t 

2. That they were filled up w r ith rosin and bell-filings 
before^the referees saw it, 4 t<? make the bell look better. 9 

'3. That it is the regular practice at his foundry to do so, 
if ha or his men consider the bell a Bound one in spite of 
the holes. 

4. That he considers the still larger holes in the Oxford 
bell, of which holes he produced a model and map, the proper 
measure of what ought to be allowed as insignificant 
porosity. 

5. That the Westminster bell is also porous below the 

surface, in a place apparently sound, viz : where the pieces 
were cut off. , 

6. That there is atj least one ityternaKhole, besides ; 
\iz. that large one which Mr. Quarm and Mr. Jabez James 
filled up wit}i zinc, With smaty holes running out of it. 

7. That it is impossible (i.e . 9 * of course, for him) to cast 
bells without holes as large as those in proportion to the 
size df the hell. 

8. That ‘there is a slight excess of tin at the bottom of 
the bell ; 9 that slight excess being such that 1 jyoudd or 

cwt. more of copper is required to every 3 of tiu to bring 
it fes«the prescribed composition, or to make the^bell 
homogeneous. x, 

*Q. x Thatf this* 4 po is boohing uncommon in Mr. Mears’s 
^experience, and, in his opinion, is of no more consequence 
than (he porosity. 

Such was thp end of Mr. Hears 9 , s 4 unqualified contradic- 
tion 9 arfd determination to go on for ei[hca*a rgtractajion 
or a refutation of my statement* that th f s unhomogeneous 
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and porous and brittle bell got passed by*fche holes beigg 
filled up* with his resin and bell-filings. If any one is 
surprised at a bell-founder and his counsel going info 
Cpurt to make such confessions as these, he must remember 
that they hacMeft themselves ruS? alternative, except the still 
more awkwa/d one of avowing that this bell wa3 worse 
than Mr. Mc§xs had ever nyid# before— more porous and 
more unhomogeneous-L-that he had never stopped up 
holes before, but did so this* time for fear the referees 
should reject it. .Such being JLhe* necessary alternatives if 
lie* was to say anything, perhaps he would have done more 
wisely to say Nothing, and T>e content \yith the letter I 
wrote to him and published, *as soon a» T had got the 
analysis, — saying that I was now satisfied that the holes 
had not caused the cracks, although they would certainly 
have caused the rejection of the bell if they had not been 
concealed from the referees, as he after all confessed they 
were : the cracks being really caused by a stiU worse defect, 
of which I had no suspicion till I saw thfe bell cut into. It 
is only necessary. to add, for* the information of those who 
were naturally % 3 urprised at it, that the withdrawal of the 
plea of ‘justification' was only the legal consequence of the 
discovery that the dttwks were to a* different thdugh a 
worse defect in the bell, than that to which I had attributed 
them. Tor it is a rulo of tfhat mysterious branch of 
common law, called ‘ special pleading,* flbat if any fact 
alleged in a so-called libel turns out different from, even 
though/ it # raay be infinitely stronger against the plAntiff 
tliau what,was alleged, it will not support the plea of justi; 
ficatipu. I understand that the folly of this rule* has hem 
publicly remarked 01! by judges, # but ifc«6till exists, probably 
waiting for a more sweeping rdibrn^dtene day>^ % • 

Official report on the bell. Mr.*CowjJ&r, the present 
Commissioner of Works; was asked for an account of 
real state of the bell in thp HouseVgf Commons, on the 7th 
of March, after he |had received the reports <K -Dr.-TPercy 
and ifr. T^i<kl]*wl^) had b?en® appointed to Investigate it. 
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HJe answer was 7 ' that there were 5 or 6 cracks in it, and 
that they had been caused 1 either by the hammer being too 

* heavy for the tenacity of the bell, or «tho bell being too 

* brittle for the hammer, but he could not say which.' 
This profound scientific discovery was received with the 
laughter it deserved, the House of Commons probably think- 
ing that any man in Vho street aould have told them about as 
much as the Commissioner of Work^ appeared to have learnt 
from the reports of his two scientific referees. It certainly 
is cuaLons wtth what ingenuity the official mind contrived to 
pick out from the whole of the^e two reports, just that one 
sentence, which^ professing to enuntiate -an important 
practical conclusion, disclosed absolutely nothing, and to 
suppress altogether the conjecture in oae report, and the 
positive statement in the other, of the really fatal defect in 
the hell, and the ascertained cause of it. It may or may 
not have been a very scientific proceeding to report at all 
upon a casting of compound metal upon conjecture, when 
it would have been so easy to make it certain by analysis, 
which I had got, and of course IK Tyndall might have 
got also, long before his report; f but ffftil ho did con- 
jecture, and rightly, from tho appearance of the cut into the 
bell, ‘that,, owing to the imperfect nh&inre of the constitu- 

* ents, or through a defect in cooling, the external portions 
‘of the soundbow may vary in composition and tenacity, 
‘frdjn the average composition of the bell and besides 
that, Mr. Cowper had received Dr. Percy’s report and 
analysis positively confirming that view of the miscarriage 

^ <?f the casting, when he told the House of 0 <vnmons in 
effect that mothing at all was known of tho composition or 
quality of the bell, x ’ 

% This v as B*j^nou$Ei,4>ut it might be nothing worse than 

^ignorance of the 'subject. Mr. Cowper might have glanced 
over the reports to find something that looked like a 
practical conclusion to quote in answer to the question, and 
he w 6 uld*-*Vfery naturally not ^ perceive as quickly as the 
laugherS in the House of Commons gad, that he wa» only 
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talking nonsense, by quoting so much ancfr no more thay 
that one sentence* But he had lost everf this poor excuse 
before he was put to the question a second time, on th$ 
25th of April. It is a coincidence worth mentioning, that * 
just jrfter he %ai notice from % friend of mine that he 
•intended to ask for some more specific information about 
Dr. Percy’s report, Mr. Covjpor wrote* to me for the first 
timp, asking a question ^bout the clock, on which his Board 
had had my opinion three times*already, and also professing 
to want my opinion about the tg'll, which was *pially#well # 
known, and wlych it was eydent to me then, and more 
evident since, *that he had no iutenticyi of following. 
Howevefl answered his questions, and also told him that 
he had mis-stated-the effect of the reports of lrifr own 
examiners on the bell, and that lie ought to correct it, 
as I had reason lo complain of the failure of the casting 
being thus suppressed. What then did he do when the 
question w as asked in the House a frw days afterwards? 
He still withheld T)r. Percy's report : cwled answering 
the question about the. analysis and the brittleness of the 
bell; and took^pou himself to fay instead, that, fi Dr. 
Percy did not consider his analysis sufficiently conclusive 
to give a definite juWgHicnt on yie#clienneal composition of 
the bell generally.’ • 

If anybody can believe that this second and more 
distinct misstatement of the report was*a mistake qjtso, 
after reading what 1 am going to quote from the report 
itself, bf ajl means let him give Mr. Cowper’s honesty the 
benefit of the doubt, though it must be at the expense o£ 
his understanding. Dr. Percy begins (after inenety forUffll 
matters J by giving the anal) sis # of the* two bits from the^ 
top and the bottom of the bell, anjlppiftrastinJ'flie^al ter 
them with the composition prescribed ty the contracts 
And then he soys , 6 a difference of even 1 per. cent, of tin, 
which is much less than tjie actual# difference Ysee p.^374), 

‘ wouI<^ I ha^e ny d<|ibt, occasion a* sensible iijcreaeein the 
‘ hardness attK^brittl^ess of fke’metal : m that the metal of 
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‘ £1)6 lower pari of the bell should be (as it is) harder and 
‘ more brittle than the alloy prescribed ; ! although, as he 
next explains, it is of course impossible to infer the com- 
position of even the adjacent parts, and much less of the 
entire bell, from the analysis of small piecestfrom the out- 
side, when it ib once proved to be unhomogeieous. I dare 
say the general o*’ average composition is right enough, 
as it could hardly be wrong without deliberate intention 
and ior no object, tin being «quito as dear as copper. The 
, .defeat is, tfcat the most important part of the bell differs 
from the average or proper composition. And if this was 
not, enough to enable Mr. Cowper to understand that the 
defect 'of the bell is that it is unhomogeneous, ■ and ex- 
cessively brittle M on the sound-bow, because it deviates from 
my composition, I should like to know for what purpose 
he conceived Dr. Percy to have added the analysis of the 
bits from the top and bottom of Messrs. Warner’s bell, 
with the remark — ‘it will thus be preceived that the 
* composition of the former bell appears to have been more 
‘ uniform than that of the present o*ie.’ . 

And let me ask one jnore question : if Mi 7 . Cowper really 
has been burning witli desire to have ‘ a definite judgment 
on the’ chemical coin position of the ■Jfbfi' generally,’ why has 
he not got it long ago ? Ilei^ has the bell been cracked 
and silent for 9 months, and if his own account is to 
be believed, the 'Commissioner of Works is yet wholly 
without information on what he conceives to be the 
essential thing for him to know, before he pant* decide 
what ought to be dohe with a porous and unhomogeneous 
awU.brittZq, ana six-times cracked bell. And he ha? the 
^Jess excuse for this neglect of what he thus admits ought 
,tg_ have' befctf done, because* everybody who has given any 
opinion on the 'subject, so far as I know (with the single 
\xQoption . of Mr. Mears, who hae twipe done his best to 
prevent it), has told higfc that the bell ought to be cut into 
at least to* the bottom of the cracks: ydih different objects 
certainly ; some people tliirfring the bifill would'be thereby 
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cured, and others being sure that its unsotfodness would be 
thereby confirmed * i 

On the 4th of June, Mr. Oowper had a third opportunity 
o£ enlightening the public on the real state and prospects 
of the bell/ lltill ‘ the inquiry das not completed.’ I can 
add— not begftn; for hot one bit more had been cut out of 
the bell, nor a* single hole drjllqd into it, fo$ the.purpose of 
ascertaining its internal composition. Nevertheless Mr. 
Cowper had no hesi^tiftn in saying, ‘it does not appeal that 
‘ it will be necessary to abandon the use of tlje bel^ altoj 
‘ gether 9 but as a temporary arrangement ’ (while it is 
getting well the cracks, \ suppose, and settling ^own 
into a more homogeneous and* less brittle condition) ‘he 
‘ thinks it would J>e best to use the largest quarter tyell for 
‘the hours, and the other three for the quarters.’ Of 
course he does not know, and does not think fit to ask the 


designer of the clock, whether tho notes of the bells are 
suitable for such an arrangement, or whethep it would not 
be neces||ry to alter the clock to make it strike any chimes 
at all on three, bells, instead of those for which it is 
constructed on four, and then to alter it back again for the 
original chimes after tis temporary arrangement is termi- 
nated on the restoration of the^great flail to health. • 

At last however, he has f let out the real reason of all 
this delay and pretence of investigation, which indeed 


it was not very difficult to divine beforfl, reinembermg^that 
a certaiu Prime Minister, with whom he ft a good deal 


more >th^n officially connected, last ) ear pronouncJi the 
striking pf tho clock a nuisance,* and Mr. Fitzroy was 
desired to ask me if it could not be stopped putry 


evening while tho House was shying. And so Mr. 
Cowper now says, ‘it is *rathce* hard ^JratMialf tljp 
‘ county of Middlesex should *b*e%infomed of the hoi&s 


* at the cost of the serious inconvenience of that 
I do not venture to express fk opinion whether thpse 
whft have paid 6000Z, for tliAe bells may, reasonably 
expect to*hear thety. Buif I am convinced from experience 
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in other places^ and indeed from some experience in the 
Committee roomp of the very place ip question, that, 
although the striking of a clock may bq felt as an interrup- 
tion for a few weeks while it is a novelty, the loss of the 
* striking is often thought a<grealer nuisance sffthr wards. It 
should be remembered that the Houfe of Commons and the 
clock were, only* speaking together for about a month last 
year.* Lut I suppose we must wak till Mr. Cowper rises 
into ii Secretary of State, or H otherwise Jeaves Her Majesty’s 
public wor^s to be managed by somebody else. Then 
perhaps at last we may get ' a great boll cast soundly, after 
the Same number of trials as 'they had in l'aris 180 years 
ago, aiid the Westminster clock may afc last be- allowed 
to be completed j if it haB not been spoil t^n the mean time. 

P.S. I am just in time before this sheet is printed off to 
add a rather decisive piece of information. The bell has 
been at last cut into down to the bottom of not the largest 
crack. Its dqpth is already 3 of the thickness of the bell, 
having no doubt extended from a slight one banning in 
the brittle crust, as a crack oi* a diamond-cut runs on in 
glass. Besides that, there are even worse .boles inside than 
I expected from the discovery of th£ external holes : larger 
by far than 1 oversaw in any otb*4&. broken bell metal. 
One of tlftsm has been large ^enough to stop the crack 
suddenly where it iB three ‘inches deep. And yet further, 
a piece has bee» Put off the lip, near the end of another 
crack, and it ife worse than the worst of the three other hits 
cut off the wires, and quite bad enough to condemn the hell 
upon, independently of either the holes or the brittleness, 
am faf from supposing however, that this discovery— or 
any other, will mak^ the least impression on the -present 
^’hief Commiseioner ©f W6rks, any more than the recent 
s)Icccss of liis determination to have the fourth pair of 
"litadius fixed by the engineer whe made the condemned 
mipiiite hands* instead of <by the clockmakers. I shall not 
be at all surprised to fhidiim telling the btouse of Commons 
again, that, ndth withstanding the cracks nearly* half-way 
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through, and the holes all over, and the littleness of the 
outside, and the miscarriage of the comppsition, ‘it cloes not 
appear ‘to be necessary to abandon the UBe of the bell,’ or Jo 
pay the smallest attention to any advice or opinion he may 
have receivtd^from me about either the bell or the clock. ' 
• k » 


01^ TRYING REUS. 

It is evident that whenever another large bell is to be cast 
fcfr 'Westminster, or York, &r Oxford, or even &nalhA* 
bells than th<$e, there will *be no‘ security against another 
failure .unless the referees have the in fans of waking a 
more searching examination of its constitution than they 
have ever had yet. To be sure w T e lia\^j beeu told by a 
great authority, who is never wrong, and can always prove 
that lie said the right tiling at the proper time, that the 
way to get a good bell is to have no interference of referees 
at all* but ‘ give your orders to an eminent bell-founder 
‘who has made liis fortune *in making bolls (sound or un- 
bound), and •you are sure to have it.’ Of course the 
sub-editor of the Titocs can prove* that it was the inter- 
ference of referefig^that made the, first Westminster 
hell thicker than their pattefn,’and the sec*Aid different 
from the composition prescribed, and unhomogeneous, and 
full of holes, aud tho York hell thicker # on one side, than 
the other, and porefcis too, and the Oxford one still worse, 
and yiade the Montreal bell crack in a year, a^d the 
ExchangJ bells have to be recast twice because tln^ wero 
sc^bad, and the great bell of Paris to be cast three times 
over, and St. Paul’s twice, and then ^probably'unsouffcT, as 
I have little doubt it is. $ The ftci is tljpt Jhe sou«td 
casting of large masses of this ^mpoiipd metal is byn&o 
means an easy job, apd evidently requires a good*c£*l 
more management than our ‘ liost eminent bell-founder ’ 
knows how to apply, sinie he delferes that it ip impossible to 
cast; hell# boles in iliem, or with uny ^rtainty of 



3§4 # THE WESTMINSTER BELLS. 

- f ft • » 

their being m/»re homogeneous than the Westminster 
b&l is. 

• It is true that that declaration is no evidence as to the 
capacity of the other bell-founders ; one of whom, as r I 
'have already said, did his l^est to protest pvfrhcly against 
it, although the Times suppressed tifc protect ; and other 
founders who di‘d not protect have practically refuted Mr. 
Mears’s 'declaration by casting tw b 4 ton bells soundly 
and Without holes. Still the difficulty or the risk is* so 
preat^ and fihe temptation ^ to conceal or make light of 
a f defect in a large bell is so strong, that everybody except 
the partisans of a bell-founded must see tbVs necessity for 
a more find not q less stringent supervision by the referees. 
But for £heir interference, the public woui$l now have had to 
pay for two more unsound bells, which Messrs. Warner 
thought themselves very ill-used in being forced to recast 
into sound ones, and which they would easily have found 
engineers an<^ cloekmakers enough to convince a jury 
of tradesmen that «tliey ought to be paid for, if a jury of 
tradesmen had been the judges! Neither of those bells was 
anything like so bad as Mr. Mears’s large one, which 
escaped the same condemnation onlj in the way I have so 
often mentioned. * ^Leaving; the bail . founders then to 
discover, if they do not yet ( know, how to avoid such 
defects, let us consider what means ought to be used 
to detect them whefti they exist. 

First of all,*it should clearly now be il condition of a bell 
contract, — and probably not of bell contracts only, that if 
anything which the referees shall consider a’ material 
defi;ft, is at any time discovered to have been conccajed, 
the founder shall pay all the expanses of re-casting, 
filitherto "th*. founders have (been almost invariably their 
otfii referees ; although^ see that two whole peals at the 
T&Icbange and four out of the eight bells which have been 
cast* for thd Westminster^ clock have either actually been 
condemnedta be recast, hr have only ^scaped condemna- 
tion at tue pfoper time by c accident, rnistgkej or coi^cdal- 
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ment of tlieir defects. Yet Mr. Mears openly avows that 
he thinks the ^oil-founders ought to be the judges, and 
ought to (joneeal defects which they think immaterial, even 
tyhen there are independent referees, to whose judgment 
the foundhr\ professes &nd Contracts to submit: ana 
the Times rf^rees with him. But notwithstanding that 
concurrence t>f authorities, I jhther tiiin& the, public will 
be of a different opinion ; and now that they have loarnt a 
little more about t^e matter, l believe no more porous or 
unhomogeneous b # ells, or bells of unequal tjucknogs, or 
bfells spoilt in tuning will 'knowingly be paid for, in spi^e 
of all the potest ations of* the founder that such mis- 
carriages are common and of ifo consequence. AVf* are at 
last obliged to bggin passing special Acts of Parliament to 
stop the adulteration of our food, the selling of 200 
yards of Manchester fabrics marked 300, and to save our 
lives from being lost at sea by unsound and untested 
cables, and there will bo much more of the sn,me kind to do 
yet. But m this comparatively unimportant matter of 
getting sound bejls, the purchasers can protect themselves 
if they choose by merely making proper contracts and 
enforcing them, and trfe first step towards doing it is what 
1 have suggested. # » 

Besides this, the refereeg, or somebody for ffhein, ought 
to sec the bell as it comes oufr of the mould (as it is only 
fair to say that I was im ited to go, aftid went, to sec* the 
first great bell, in the north), and not to be kept waiting a 
fortnight while it is being ‘trimmed.’ If any porosity is 
then visible, except perhaps a liitie at the top, the bell 
should be condemned, unless it can be proved, by cutting 
out the whole of it, that it io only superficial. I doubt 
whether there is a very badd)£ll aaywkere*@£ the propgy 
shape and good thickness, which has not# either holes in 
latent or patent, or else* some such other distinct defeat as 
I have mentioned ; and I certailly never saw *a good Tjell 
that was a bad ra&tiujf. AlthVugh the, York bell has 
another defectj vi*., the unequal thickness, tnkt is not 

s 
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alone sufficient 1 to account for ifcs tone ; the Oxford bell 
lifts no defect that 1 know of, except the holes which Mr. 
Mears thinks of no consequence, to account for its un- 
rivalled badness: some of the Exchange bells, I hatfe 
‘already said, had visible Uples m them, and^Mr. Mears’s 
tenor bell, of old Doncaster church/* cast kf 1835, which 
was always thohglii a ba^one, was porous r at the lip, of 
m hick I nave a piece now. Tfic saifie is the case with old 
bells *of two centuries ago, #8 1 leftrnpd in the first peal I 
evtr rang, jn which tlte porous bells were all bad, and 
\|je others good. 

This more difficult thing is ‘to ascertain Whether there'is 
internal porosity ; which thvro maybe with an apparently 
sound surface, as in some places in the ^estniiusler hell, 
and in the York* one, which has a blister steady broken in 
bv the hammer, and the same thing happened in the 
Exchange clock hell. It is evident that the runners and 
lins projecting from the top and the lip of a boll cannot be 
relied on as specimens of the metal, either for analysis or 
porosity ; and you cannot take a taster out of a hell as you 
do out of a cheese. Therefore I should novr require some 
broadish lumps, as big as half an c£,g, to be cast on it in 
iariousr places rouL& the soundbovi|»£Vud have them cut 
oil' in the 'presence of the referees . If there is any mis- 
carriage in the casting it will be strange if that excision 
does*, not reveal it Somewhere; and it will not damage the 
belDas incision would. Such miscarriage will bo indicated 
by porosity visible without a glass, or by the specific gravity 
beings too low, or by the composition being wrong by 
analysis, or by general appearances of the metal wfricli 
cannot bo ‘describe^ but which a little experience will 
liable acy^jccmpeteuf pei-srn to recognise as defective. 
Jftiti specific gravity is/ftr fact only one form of poroBity. 

/stall show what it ought to be in the next chapter. It is 
tnib that erep this test jVould not discover such a defect 
as the* non-vnion of th$* metal inside the bell; nor Ao I 
know wlfat would, except then sound. But /!<• am 1 ; quite 
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sure now that any buzz or indistinctness in tho, sound, 
which both thege bells had, indicates •something wrong, 
and that no bell with such a sound is sound. 

# As to judging of bells in peals, I cannot too strongly 
impress upbnUhose who hftve t S pay for them, to take care 
that they liavAi distinct judgment upon each* bell^separately , 
without reference at fir&t to tly? question Ttf tupe ; for as I 
said before, a set of sahcepans or flower-pots might be in as 
good tuno with eaclj oilier as the finest peal of bells. • And 
it by no means follows that because a mau is ^musician ho 
knows what bell- metal is capable of, and therefore wfietlyr 
a ‘ bell is as 5 *ood as it ought to be : the only Way to 
determind that is to adopt scfmo bolls about fhe same 
si/p and acknoi^dged goodness as a standard, as, perhaps 
Professor Taylor condemned the Exchange bells by com- 
parison with the Bow bells of the same size and notes. 

It is essential to bear in mind that there is no assignable 
relation between the sound of a bell and jits liability to 
crack : indeed a hell that is bad becau«o it is too ^oft is of 
course less liable J,o crack th?Ln a better ono. And therefore 
merely to stipulate that it shall bt* rung for a certain time 
before it is paid for Would be rather worse than nothing, 
unless it is also s^palated that it shill contain tho proper 
quantity of tin. I shall have* something moj% to say on 
that point under the construction of bells; but with that 
condition, the test of ringing with a fufl-aized clapper Jor a 
considerable time to a perfectly right and necessary* test. 
The first Westminster bell was cracked, as it deserved, by 
ringing it for a quarter of an houi»a week for 10 months, 
or^only 10 hours altogether, and the second wouhj no doubt 
have been cracked soon if it had been tried in tlie same'way, 
and not unluckily escaped thecal (ala Mr. Meres *equeste<¥) 
out of consideration for the pefopfe in tiie neighbourhood. 
The German rule appe**r& io be either 24 hours contirfcib«a 
ringing, or a year’s ordinary ringing. The fijjsfc is probably 
thei severest test, and Has the *\cl vantage of settling the 
question •seedily. As IAaye said before,* a bill on the 
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Westminster o* old scale of thickness or weight for its 
diameter, ought to bear a tolling if not a, ringing clapper 
of -jq of its weight, and will probably npt give out its full 
sound v itli loss ; and certainly will not if the bell is on]y 
tolled, and not rung in fi&i sw*ing. Thin b/lfi naturally 
require lighter* clappers, as light peftiaps or even 

Vu of their wbigli, and'fheir sound is proportionately 
weak and*bad, except w r hen you are dlose by ; for they seem 
to Soilnd actually louder thaij thick Anep, when you are near 
tliem^ and sp people are bften deceived bj hearing them in 
t'fye bell-foundry. 

Mofct bells improve in tone and get lodHer for a few 
jears: hot, as spme books ’absurdly say and many people 
believe, by the clapper wearing a broad 4>lace for itself to 
strike on (lor then turning the bell to a new place would 
make it sound worse again, which it does not), but for a 
Aery different reason. It is well known that continued 
hammering oryibration tends to produce a more crystallized 
slate in /ill metal. «I have already mentioned that watcheB 
with new balance springs generally gain after a few months 
Aibration, obviously from their becoming more elastic or less 
soft and yielding. Forttinately thei<3 is a limit to this ; or 
else every bell wouKL come to a rtitUtral death from its 
increased brittleness no fonder bearing to be struck. 
Sound bells sometimes do cra-ck capriciously, it is true ; but 
old ones are no mote liable to it than new ones, until they 
have* got worn thin in one or twro places, which may be 
mateiyally diminished, by the mode of hanging them which 
I shall describe hereafter, and still more completely t>y the 
more expensive "Westminster plan, already described, at 
p. 352. But let mq end this chapter, by warnings people 
A^ao haver ta ^udge dS belWagainst being persuaded that 
a/bjid bell will ever imp/dvfe into a good one, for it will not. 
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• Thfre is/still less to f say of the history of bell- 
founding than of clock-making. Indeed it is hardly 
a progressive asfrat all; for as soon a^tlie right shape 
and composition are discovered, and the means of 
making a sound casting, there is nothing more to do. 
Small bells, probably not cast but hammered, and of 
gold, are, we know from the Bibles, as old as ^lic time 
of Moses ; anisomg such old bells of sheet copper and 
even sheet if on are said to have been found at Cologne 
and in Ireland. The Romans also Ijad them apparently. 
They can only TJeTvcry thin, • and *of a very different 
sound from our thicker chstjie'lls. The nearest modern 
approach to them is the Chinese gong, which is made 
exactly of our bt*ll-metal, but hammered, whiclf that 
metgl qjldly enough admits of when it is heated and 
cooled suddenly in water. GongS, likfi thin bellsj sound 
very jjl except when you are near them, and* liavo'dess 
power than the same weight of^etal <jast into a HU 
of a much higher note. Thef ft^owing is the short his- 
tory of cast bells given in some of the Encyclopaedias 
‘The large bells now use^n churches* are said to 
havg bee^ iqyeilted by Paulihus, bishop of Nola in 
Cafhpania/ about the year 400. They were probably 
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introduced int<r England very soon after. They are 
mentioned by Bede about the close of the 7th century. 
Turkctul, abbot of Croyland, who died about 870, gave 
if very large bell to tha^, abbey ; and his • successor 
Egelric caj>t a* ring of six others. 1 PopeKTohn XIII. 
consecrated a veVy large ifyw f cast bell in \he Latcran 
Church in 968/ , , 

It is said in Otte’s Gtydtenhmde, the latest German 
• Ix'ok 6n the? subject, but cue which docs not contain 
miich information of a practical kind, that ^ell-founding 
flourished in all /the monasteries in the 1 2th century, 
and that there fc\'e travelling bell-founders who went 
about casting bells where they were wanted. I suspect 
this practice went on very much later ; for it is impos- 
sible to belie\e that there were regular bell foundries 
in anyttyug like the number of places from 'which the 
i legends* on still existing bcflls testify Jthat they have 
come. The great clo ( ck-bcll on the top of the central 
tower at Canterbury is said to have been recast in the 
cathedral yj t rd as lately US11762. Tnaeed the carrying 
of very large bells along tljc i*oads of old times would 
have Jieen a morQ serious affair than casting them. 

Tht founders of large bells in Englsfnd have for some 
years .past been very few. The most famops *bcll- 
founding family f on 'record were the Rudkalls of 
Gloucester*. « who are known to have flourished there 
fram the tjtpg gf Ileqjy VI 1 J., and some people think 
still ‘earlier, till about years ago, when they dis- 
apjoa'red. They cast the Westminster Abbey and 
Chester Cat'hedral bellsj.and the Magdalen bells at 
Oxford (of^wUich the large ones are ioo»thip), aryl' a 
great many others., Farther back the Purdues' of 
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Salisbury seem to have been equally distinguished for 
many generations. The firm of Watts, Eayres, and 
Arnold also existed in Leicester and St. Ncots for tJVo 
<?enturies^ And has now merged in that of Messrs. 
Taylor of A^ughhfcrough. ^The predecessors of *Mr. 
Mcars's father at Whitechapel, wei^i Lester, Pack, and 
CJiapman, who made the Bow bells, and th®ke *of St. 
Peter's, Mancroft* ^torwichj which arc considered *t he 
two best peals* in England; and befor# then wgs * 
Phelps, who Recast the &t. Paul's bell a second tiitie, 
because Sir Christopher Wren considered the ^>r<?rious 
casting by Pliijjp "Whiteman, the founder of a good peal 
at St. Alban's, a failure : the present tell is a bad one, 
and is said to sound no one note, but a compound of 
two, viz. A and C sharp. Tom of Oxford was cast by 
one Hudson in 1680, and far cxcpcds’St. Raul's in 
multifariousnes^, being said by the learned to sound no 
less than 5 ilotes at once. No wonder it is thought by 
* other people to be clacked. Tlie next most celebrated, 
but now extinct, ^TdiTndcr of#tbis century wjs Biyant of 
Hertford, who was also *a glitLrch clockmakcr. There 
are some nice peals of his at Walthaip Abbey, Saffron 
Walden, and St.* Alkmund's, Shrewsbury, a town full 
of ijpal^ of bells both bad and good. lie nevgr gave 
in to the modern heresy of casting tlita. bells. Hie best 
sfnalljpeal I overheard is at Castle Camps in»Gambjfidge- 
sliirc, made by Dobson in xft 27, yho livejl at Pownliam, 
and died in the Charter Hous^; an(J there is a ^goftd 
peal of eight by him at Finchingfield in Essex. \ 4 
All these foundries, exce|rt the Whitftchapel *^nd * 
LoijghboijougJi (Jnes, *have disappeared^ 'besides some 
smaller; and a few years ago, the makers of large 
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bells in»Englaxvi were practically reduced to two, Mr. 
f Mears and Messrs.' Taylor, and the business of the latter 
wtfg very small comparatively. Messrs. Warner's first 
peal of any considerable ske was cast in 1^53 for the 
cathfedral at Fredericton (tfie chimes 1 and cj 4 ck of which 
are mentioned tfc pp. 131^1^1), and they" copied the 
bells of St. Andrew's, Holborn, for it, for the reason,! 
have already given at page 350. Tnek success with the 
Westminster quarter-bells, and the Lc6ds bell, and the 
peal at Doncaster, and the « sending of Mr. Mears's 
Exchange bells tb be cast again for the third' time by 
Messrs. /faylor, have established what w called in rail- 
way matters * a wholesome competition/ which would 
have been still more effective but for their unfortunate 
passion for making thin bells, of which I have already 
spoken Jjf p. ^49.* „ The bells of the clock at King's 
Cross Station, of which the largest is ^9 cwt., were 
made by Mr. Murphy of Dublin, and were bought of 
him from the Exhibition of 1851, a& that was certainly 
the bestf large bell" there. t MessrsTtf arner had then 
cast nothing above half a toil. The foreign bells in 
the Exhibition wews very poor. Mr. Dent once had 
one of 8 cwt. ‘from Paris : it was beautifully cast, but 
« the shape was bad, and the sound very inferior tp n^my 
English* bells of the game weight. I think it may 
•nowJ^p saii that the art of bell-founding, which wa& 
abqut at t^e^owest Joint it had reached for 700 years, 
whfUw the first edition *>f« this book came out, is in 

% « 

* * TlTere is a clock now making 1 k strike on an E bell of 15 cwt. casting 
by M^sbis. Taylor; which is less'/fan half the weight of the E bell At 
Westminster, ayd 1 1 rwt. less than those of^Bow Church aud Minster. 
A 15 cwt. bell cannot be lowfr than G without being the worse for it. * 
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a fair way for revival. Possibly these few pages on 
the subject may do something more to help it; ftot 
so much by teaching the bell-founders their own 
business, as* by teaching, othgr people what to insist qp 
from them. And how to get if. 

When we, began the Westminster bell business 
in 1855, I found tlfere ^as as good as nothing of a 
practical kind to be •learnt irom books, and what little 
tjicrc was was eontradictoiy, Ind some of f it evidently ^ 
wrong, and i|ot always right even on the simple aritti- 
metiefd sclafion of the musical notes to the ^different 
sizes of similar bells (using that wofd in its mathe- 
matical sense, of all the proportion^ varying* alike). 
Probably the bell-founders have done their best to keep 
their secrets to themselves ; and what properly belongs 
to them, viz. their peculiar modes of casting, I shall 
not interfere with ; but what the public has piSd for in 
the Westminster experiments, and what 1 have learnt 
for mys&f, I shall Atpound as Clchrly as 1 can. It will 
be seen too, tha^the alterations I *bavc forced upon the 
bell-founders have been almost all in the direction of 
returning to the old practice, of the, times when people 
were content to* have things good, “without spoiling 
them by trying to get grand effects out of insufficient 
matftriajs. The same reaction ie now taking place in 
organ pipes, which arc made of lead and tiji, an<h are a 
generally too thill and too ppor yi*tin, which is ^uch 
the dearer of the two metals* # 4 

I have already said enough on*the distinction between 
making bells in tunc with eadh other, and making them * 
individually goo4 in t<Jne. ItHiust also b$ remembered 
tha? a feid of bells ndt (fuite in tune* can 'be tuned, 

I 8 3 
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although the t<pc or quality of a bad bell cannot be 
< m&idcd. They are made flatter by turning a little off 
the inside of the sound-bow or thickest part ; and they 
cgn be sharpened a very Jittle H by cutting off, the edge 
so as to reduce the diameter of the mo^i ; but this 
blunting of the odgg is very apt to spoil tljc bell, and it 
is scldpimdone now. ' * 1 

Notes of bells. The whole theory of the designing 
# of be^s to, produce tile /cquirod musical notes is 
deduced from this mathematical law — tkafc the number 
of vibrations in a second, or any other time, paries as 

(thickness) Qr • q^qj. WO rds, the depth of the notes 
diameter 9 

or the time of vibration varies as Con- 

(tluckncss ) 1 

sequentlv, if you want to make (a very bad, but not 
very mutual thing‘now) a peal of bells all of the same 
absolute thickness (not the same proportionate thick- 
ness), their other dimensions must be as the square 
roots of* a set of niktnbcrs in the inv^ysc ratio of the 
vibrations belonging to the proposed notes. But if the 
thickness itself varies with the diameter, then the sizes 
will He simply, as those numbers ; and, therefore all the 
dimensions of ‘ a peal of 8 tuneable bells/ according to 
the old phrase, which, means a peal sounding thV 8 
. note ^ of tlje diatonic scale, will be in this proportion-. 

«■ 6 <?,^53-b 45>* (p, 3 6 , 32, 30 ; 

« « M • 

and sp on for a lax’gcr n'umber of bells, each being half 
'the size of the octave hill below it. These are the 
lowdst numbers which w)U represent t^he inverse ratio 
of the vibrations of the 8 notes without xn6re .tractions ; 
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and they arc easy to remember as a^ standard, from 
which any othgrs may be deduced, these being the dia- 
meters in inchcsjof a peal of bells in the key of D flat,.of . 
the best vaiight or thickness j for such a peal, supposing 
that the siylall belis Vere nbt made thicker for their 
size, and therefore larger for # t heir notes, tlirth the large 
ones, as they usually are'to prevent them fjom being 
overpowered wheij tljcy are»all rung together. - * 

, It may save some troublc # to observe thaHn designing 
peals of bclhjf we have notching to do with what is cajjed 
musical temperament, which, was long, a vexed. question 
in organ tunings inasmuch as a peal of bells is always 
played or rung in the same key. That question would 
arise if you took the 7th and 6th of a peal of 8 bells 
(counting, remember, from the smallest) to make them 
the 8tli and 7th of a smaller peal ; for iu that case you 
see the 53^ and 48 inches would not be in the right 
proportion, of 9 to* 8, but the 53J- ought - to be 54; 
though both woulckbe called *E' flat, and the error is 
too slight to -perceived except* by very good ears. 
The same case occurs iu playing the Westminster and 
Cambridge or the Doncaster quarters on the 2nd, 3rd 
4th, and 7th of $ peal of 8, as descritfed.at p. 19) ; for 
the sizes of those bells will be, as we saw just now, 
3 2 / 36*4°* 53i? whereas the 3 b in.#ought to i>e only * 
to make it exactly in tune as the second of a pcaL 
of 6 < 5 r of 10 belis.* 

* I do not profess to know these thin^Vs a masician, or to hav£ an ear 
capable of judging of anyjmch differences as those of temperanfci*^ I 
only know them arithmetically. There is no difficulty^ finding •people - ' 
competent to judge whether* bells ar£ Ji tune, after they are mod$, but 
the^hav^ttfjje made by calculation and not by ear. , * * * 
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Weight of b # ells. The weights of similar bells, i.e. 
of those in which the thickness and all tjie dimensions 
keep the same proportion to each other, of course vary 
the cubes of the dianjpterq, or any off the otlie* 
dimensions; ar\d therefore 1 the weights of# peal of 8 
such bells would bp in this proportion ;(*naking the 
tenor joo.for convenience oi calculation) — 

ioo,‘ 70 23, 51-2, 427., *9-63, li-6, 15-18, 12-5. 

• « « I • . * « 

THq Westminster bells, which would b^ the treble, 
decond, third, sixth, and terror of a peal of tenure very 
nearly in this proportion ; for in them the thickness 
does vary with tfie other dimensions, except that the 
smallest was made a little thicker than the others for 
its size, in order that its sound might be strong 
enough. • 

But wC have still to ascertain what is the proper 
weight for any given size or note. f From the practice 
of some of the modern*bdil-founders«you might suppose 
that .it may be almcrifc any weight y^u^please, at least 
within very fade limits, a£ one. secs bells of about half 
the weight of old oi^es and yet of the same note ; and 
then phople arq, siirpriscd that they soiyid worse. 
t Postponing for the present the consideration of bells 
to ring^in peals, anv one who takes the trodbleVto 
compare the weights and the cubes of the diameters i n> 
the lisfc of the principal laijge bells oft Europe at the 
en<j"o£ this *bbo£, will Ve& thftt the bell-founders of all 
agc^ajtd countries have # agreed in fixing rather narrow 
limits* for the^ariations of Veight in proportion to the 
diamhter pf thqir bells, ^nd this«is by 4 no means from 
any blind fallowing of each ottiet' ; for there is a go$(l 
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deal of variety in the shape and the* distribution of 
thickness over* the different parts of *the bell, although # 
it all ends in this near agreement of the proportioua'of 
height aadjsize; which* would be nearer still, but for 
the foreign hells (eicept thc*Russian) being/allcrifchan 
most of oqrav - # * • • 

# Taking 6 ft. diameter as a convenient standard to 
reduce them to, yoil w ill find that the least weigh! for 
a bell of 72 inches would be 72 cwt., which is #asy Jo* 
remember; drill smaller* figures, 9 cwt. (= iqp8 ft.) 
for 3 .ft* diameter. And such a b<fll will fleaf8F~ 
B flat than another note, according to the proposed 
universal pitch, in which A has 870 vibrations in a 
second, or that number multiplied or divided by some 
power of 2. The diameter of bells on that scale is 


about 13 times the thickness of # tlie \ound-bow or 
thickest part ; /or if sonfc of them arc rather thinner 
there, they tire thicker above the sound-bow, and so 


the total weight is the same. l 3 u^ nearly all the great 
European bcllsf as you sc£ from^ comparing 

their sizes and weights,* arc very considerably heavier 


than that scale, and the average •modulus for /hem 
may be taken at *4 tons for 6 ft. diameter, or 10 cwt. 


for 3 ft., and in that case they will be nearly a • 
notfc higher. The Westminster* bell! are vcry*ncarly 


ffn this thicker scale, or their diameter i|*neajjf "12 * 
times their thickiess. If tlwey weife quite sq, the ngte 
of the great bell would be^Vhwtoad^of a high E as it 
is at present, and the # largest quarter bell would baCjif 
it were quite 4 tons with its present diajnhter. Some * 
of*the bells in the lilt (if their recorded weights are 
rigjafc) are Still heavier tlftyi^this, which I shall* generally 
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callthe— scale, ‘hnd tlie other— : which last gives the 

before mentioned size of 5 ft. for a D flat bell, weighing 
about 42 cwt., instead of 3Q or less as they a pi .generally 
made now. - ' . 

d 

This — scale agrees more u early* in weight than any 

other simple proportion with tWt 'Used by tlie old 
<»boll-fonnder&, in the large bells of peals, which were 
mafde rather thinner than lalgc single brlls, and the 
small ones thicker, to prevent them from" being over- 
powerc 4 by the large ones. The tenor of the peal at 
Exeter (the largest ringing peal in England, and there- 
fore in the world) weighs only -j^th less than its 

weight on the scale of the Doncaster peal ; and ‘ the 

great bcil of Bow/ and the ter or of York Minster, and 

| w . 

the similar one at Sherborne (lately cracked, see p. 354) 
arc still nearer to it ; although any one measuring their 
thickness at the sound-bow only might fancy they were 
on a thinner scale. The Exeter one for instance is 


only •— at the cobnd-bow, but the waist is 2 inches 

J 15 

d d 

thick, *or = —7, and not — as the modern fenders 

36’ i 1 45 V 


would makf^ it, and the weight is that of a rather thick 
be]^. I am satisfied however that no t>ound-bow Ought 
ta be. so thin as that ]£r<?parti on, and that even thicken- 
ing, the waist does not 'compensate for it. There is a 
fulnfess and ^o^tness in thfe sound of a thick hell which 
a thin erne ncycr has. Tlie old bell-founders evidently 
knew what* the* modem ones' do not choose tb ■belifcyc, 
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or more probably do not care for so long as they get 
paid for their .bells — that it is a law of nature thrffc a 
given weight of Jbell-metal is only capable of souncjjng 
a very narrow range of # not<jp with good effect ; andif 
you # will infringe that law aifd make your bells thinner 
for the sake* of getting deej^r not^s nut of* them, you 
arc as certain as usual, in f fighting with laws rtf nature, 
to pay for it by.afmore than equivalent loss In* the 
quality of the tone. m # 

. And it happens that this loss is even greater now 
than ^ q’ould have been a. century <igo. For ii if“iT 
well known fact, and the experiments madg for the 
Westminster Ix'lls confirmed it, that the copper of 
modern days is different from the old copper in some 
way that analysis docs not indicate — less tough in 
working, capable of holding less tin without becoming 
too brittle, and apparently incapable of a* certain 
softness of sound which even thin old bells* sometimes 
have, but thin new nncs never/ 

13efore 1 lcavg this part of Jhe s Subjeet I will give a 
short table which may be convenient to persons who want 
to know, without the trouble of calculation, of what 
weights and sizes the leading, i.e., the largest bells of 
a peal ought to be, according to this scale, which ancient 
and now also modern experience proved to 4>e the 
thinnest that you can use without sacrifice o£The 
quality of the toilfe, and therpforq of the pleasure ^vlnch 
the bells are meant to givefta those who listen to tjiem. 
And as a peal of bells is a luxury, and not a nece^jjfry 
of life, it does seem to me astonishing tha^ people will go* 
oi raising large subscriptions (or them without taking 
thp *lea£t trouble to ascertain that they get what is 
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really tlie best thing for their money, and forgetting 
thaZ you pay for the same weight of metal whether the 
bel]p arc thick or thin, only in one case you get them 
of the right notes for tliqir weight, and in the othei' 
case.pf wrong, and so make the bslls bad instead of 
good. 

On account of the difference of temperament , which I 
mentioned just now, some tf thest numbers may want 
.altering a li f tle when reduced into peals of different 
keys, and therefore 1 shall generally omit the fractions 
Oi Indies and cwts. For instance, the Doncaster E flat 
bell is 54, inches wide, although its proper size is 53^ 
in. when it forms the 7th bell to a 5 ft. tenor of D flat. 
I shall therefore put it as 54 in the table, because a 
bell of that size is much more likely to be the tenor 
than the 7th 01 a peal, especially in these days of small 
towers ; Vor there is hardly ever a tower built now fit 
to hold a good peal of 8 bells. To do that properly 
with a good frame, the inside of thtf tower ought not to 
be less than 4 timfcs tljc diameter of*the tenor bell : 
whereas now the bell-founders *are generally required to 
cram peals of 8 bells into towers not wide enough to 
hang T& properly. This, I may observe, has also a bad 
effect on the sound of the bells; but so long as the 
builders of toweri think only of the height tfiey can 
reach* of course no attention will be paid to the 
provisions for bells 'and clocks, which the makers of 
them are always expected tV> manage somehow, after 
th^jMjchitect has done. ‘ 

' The sizes, *wpights, and notes of the new Doncaster, 
and the pld Eyeter and ^ork Minister and Bow bells are 
added here, € by way of introduction to wliat‘1 Tiave.to 
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say about the proportions of the large ^nd small bells 
of peals ; and yt>u must remember that neither this first 
table, nor tjie large bells of any of these 3 peals, give 
the best sfce«, or weights "for ^ngle bells of those notc£, 
or for a set <jf*clockTjclls, in which the great; one ltever 
has to sound Till the smaller * 9 nes have*done. For that 
purpose they ought to be from ^ to £ heavier tlirfh this 
for any given not on fhe ^2} or 12 scale, instead 
of 13. Thus, besides the laf£e bells in the Catalogue at ’ 
the end of the book, the Queen's clock bell at BabnoAl, 
made froA the Westminster pattern, jand exactly" half 
the size, and thw^fore an octave abo^e the 4th or B 
quarter bell, weighs 9 ] cwt. instead of 8 as in this table. 
There is a small bell at the new church of St, Thomas, 
near Portman Square, only 26 in. and 3] cwt., but of 
the Westminster pattern and thickness, which seems to 
me very much better thafi an^ other small bell in the 
neighbourhood. 


Scale op Belis — PrniCK 
*3 
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l 
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The 4^arg©bt of the old bells of r*A ^ro 
of the flame si /os *and notofr, and veiy nearly 4 
tho san m $ tight* us thedl, and the small #>nes 
ratliei htaviei Tho tenor of Meais’a 
Ipeah eastern 1835. and, oum^ m *1853, was 
Pratflbi heavier, but thmuu* a note lower, 
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Exeter 'Cathedral Bells, I 3 ow Church, 1762, ard old 
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I was told that if the large bells at JBcncaster, and at 
St. Nicholas's, Aberdeen, (which is cast from the pattern 
of the 3rd bell at Westminster, but a little thinner 
and therefore E flat) were made so heavy in propor- 
tion to the small ones, the trebles would be overpowered 
and not heard. The fact is" that they sound rather 
unusually distinct and clear. And you observe that 
the tenors of tliesg three of the largest old peals in 
England air actually heavier in proportion to the octave 
bells above them, than 1 the ^Doncaster tenor is. In 
short that excuse fbr making the large bells thin out of 
consideration for the small ones is proved to be un- 

* For 'ome rt .son, Viich I.lo not understand or believe in, the founders 
seeT to have a habit of making the last but one bell of a peal dispropor- 
tionately thin* f*s you see it is in both these peals. I had often observed 
thf^t it was apt to be the worst iu the peal. Bather different weights are 
given for some of the York and U ( Us, but not to any material amount. 
TV present York Minster bells are made from the old patterns : I have 
nev&r fieard them rung, but some persons who have think them inferior 
to the Doncastef' peal, though so much heavier. The bells of St. Saviour's, 
Southward are 0^ about the s^me weight ^as the^Bow bells, but rather 
flatter, and Uiey aio not thought so ,500^, The Exeter Lx-ila are rather 
flatter for theirmominal notes than the others in this list. * w 
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founded. This Doncaster peal too hasyprovcd another 
thing, when compared with the deepeV one of 1835, viz. 
that a 30 c^t. bell 4 ft. 6 in. wide and thick enough to 
be E flat do<*s not soured Wealrer but stronger than a beil 
of the same weight Expanded and attenuate^ inlc^q. ft. 
10 in. and. so brought dowVto D flat! Of course this 
partly depends on its being properly clappctfcd/wliich 
very few bells arc.® People Seeip not to know that too 
lfght a clapper brings out abound inferior in quality its* 
well as quaui/ty to a proper one. • • 

I donio* say that the large bells of a ringing peal ougEt 
to be on as thick, a scale as the sruajl ones r though 
in a set of clock bells there need be no difference, 
because the small or quarter bells have always done 
before the great one begins to sound. But I do say 
that the difference is generally made much ty> great, 
and the large bells of neaMy all modern peak? are spoilt 
by being made of too low notes # fo # r their w eight, or too 
light for their note. f The 3 or 4 largest bells should be 

on the — scale and no Jliinngr, and the sfhaller ones 

l i + 

may gradually increase in thickness up \6 — in a peal of 
d 

6j ^0 a peal of 8, as tlic Dqncasfcr t#ble if ; and 

* d t - ’ 

perhaps to — in * peal of io or ia bells : beyoni that 

thickness a bell becomes TOo*m$ch of a lump of metal 
to sound freely. » , * m 

A peal of 12 hells appears ^o # me to be. a* mistake’* as - 
it almost iippcftsibl^to ring ihem distinctly;*, and as 
a matter of fact it is veiy seldom tfyat all tll^bclls even 
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of r peal of io are rung, and still more seldom that 
they are rung well. There seem to be very few sets of 
ringers in London now capable of ringing true changes: 
at; least I constantly hear false, ones, with the same 
change repeated many times over. '£ think even 8 bells 
too many unless the tenor^s, at least 18 cwt , and that 
not E flat but F sharp, remember. There is mary 
a peal of 8, perhaps the great majority that have been 
erst ih the last 20 years, 'which would have sounded 
^belter 'f the same or even a less weight* of metal had 
been spent upon o good bells a note or two higher. I 
know one especially where, you can .scarcely hear the 
tenor because it is too thin and the treble because it is 
too thick, and where the ringers have hardly room to 
stand, and the ropes $annot fall straight, and the walls 
are cut into, and pieces of the frame left out, to make 
room for the bells to swing, all because a certain 
number of people were determined to have 8 bells at all 
hazards, which are nractically worse than 6 now that 
they have got them. The*tenor of a peal of 6 should 
not be less than 12 cwt!, and that not lower than G 
sharp,. * 

Shape of bells. Hitherto I have assumed that the 
bells a*e to be of the well known and universal shape of 
church bells, as* shown accurately enough for Ihis 
purpose at « page 198. And I am convinced it is the 
right shap?, not witlig landing the multitude of public 
and private assurances ^hicL. we had that it is wrong, 
an'. 1 * that the hemispherical form, or something like it, is 
right. The'persons who kept making these suggestions 
evidently ,did not know that Large and sjnall J>ells 
require different shapes. Why it is so, I do not pretend 
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to explain. But the hemispherical form had b$en used 
for ages in small clock and hofcise bells up to the largest 
size at which it can properly be used. I had tjjted 
iAyself for* %everal years, and with several founders, to 
get one Hade as large as 9 iitclies diameter that itould 
sound well in a house dockland I ya& obliged to give 
it^up and be content with* one of 7 inches*, whtclv seems 
to be the limit ofttlf'ir musical capacity. There* as a 
very large one • in the 1&51 Exhibitions but it vrjLSm 
obliged to be*struck with a muffled hammer : otherwise 
the sound w ould have condemned it at once. • • -*■* ' 

I know that bells of 3 or 4 cwt. of that &hape are 
made for cemeteries, for which their Eorribly doleful 
sound is appropriate enough ; and as they have the 
advantage of not being heard nearly so far as bells of 
the common shape, it is perhaps still mote appropriate. 
But those are not the qualities usually souglft for in 
either ringing bells or clock bells. 

On the other haial, small bells* of the usual church 
form, such as nyisical hand pells, rApiirc to be •thinner 
and straighter in the side, or more conical ^;han larger 
ones, which are bad if the sides arejess hollow than in 
fig. 33. I exhibited an exact 6 in. bell-metal mo*del of 
the Westminster bells at the Royal Institution in 1857, 
an<J it founded worse th$n a cornmJn dt^r befi, or a 
railway hand beil. But above 2 feet in (JiameteffTor 
perhaps less, all these peculiarities Vanish ; jyid /cc<yd- 
ing to my observation and£xpmaence, and the universal 
practice of the bellfojinders of all ages, ^he long estab- 
lished shape and proportion of church IjeHs appeafs t<f 
bo equally rijjht* for I bell 0^4 cwt. and of *20 tons, 
the*probasle weight of ^h£ largest Russian^ell. I may 
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just mention here that the form of a very prolate liemi- 

. spneroid, which the Chinese and Indian „bells have, is so 

ntijjiifestly bad, that no one need hear them twice to 

know that that form at aijy ra f e is wrong. , , 

B?:t when you have to design bells for .construction 

it is necessary to go somewhat farther than this general 

conclusion; inasmuch as whai wc may fairly enough call 

the established form of bel!s, whc;j peaking popularly, 

oj; comparing it with a very different form, will be found 

to have considerable variations of its own- -considerable 
* 

~~do least to the eye of a person who knows wh^t a great 
difference in tone may be prodficed^by an apparently 
small difference in shape. This, and the best propor- 
tions for the composition of the metal, were the two 
great points to be settled in the experiments and obser- 
vations, which, as I have already said, were made before 
and duAng the two years which were occupied in casting 
the Westminster bells. It would be tedious and useless 
to describe tlic different variations that were tried. 
They ended in our‘ coming to the conclusion that the 
best shape was something between the most common 
English pattern and the usual foreign one. It is indeed 
a good deal nearer to the English than to the con- 
tinental pattern, except the Russian, which I was sur- 
prised to find Lam a section given in LyalVs^ Russia, 
after the fijst Westminster bell was made, agrees veiy 
near]$ with that pattern. „ 

, After trying and obsprvirip the effect of a great many 
p^ttfrns, and without any a priori theory in favour of 
an^ particular curve, I saw that the one which we all 
thought the, best in cfi'cct wa^ vciyjike an ellipse in 
section, though not the same ellipse as had ppen 
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previously, and is still used by some of the English 
founders; and on trying it Ij found thlt the shape tfor 
the inside section, which we had thus gradually arriyed 
a 4 cmpiriojHJy, was actually | very close approximation 
to the quadrant of* aft ellipste of which, the majo^axis 
is -f] of the diameter of the JdcII, and^the nfinor - ,( r , or 
1- of the width of tlie motatli, or -] the inside* w^ath of 
tlic bell near th^ typ. These 13 parts (as it istjon- 
\jenicnt to call tlie 24ths oLthfi diameter)*arc hgwever. 
not enough t» complete tic! height of the bell, and jlie 
rest o£ it^is ‘simply a cylindrical continuation, hs-*k*u 
usual before. In large bells of this pattern the inside 
of the toj) is 16] parts above the bottoift of the bell, and 
the top itself may be described with that radius from 
the middle of the bottom : in smaller ones it is found 


expedient to make the height 18 parts* or of the 
diameter, and rather iuorc arched than Ai large 


The rules for describing tlie 


dhtSi^e a 


are not so simple ; 


and it is hardly worth while to £<9 into tliemy*as they 
are purely empirical ancLonly Resigned to produce the 
following results : — The soUnd-bo^ or thickest part 
ought to fall at g } parts from the lip* treasured •along 
the inside curve. At 7 parts from the lip, the bell 
oujjht tfl be at least as thick as half tl|e so/hd-bCw, but 

never thinner than even if the sound-bow*is tjitnncr 

d # t •• • ^ • 

than — , which I think 4 t sjiov^i he. From 

that the thickness gradually decreases to .^— at 

* * | 

tkelop f hut that agan» seems never to *ha^g been less 
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in tb*3 best old bells, even in those with a 
* t 

soUnd-bow as thin as — . From the sound -bow to the 
* J S v 

lip .nutside, the suitable 'curve inqy casilybc drawn by 

hand, or by somis epipiricpl circle-radius which you may 

find convenient. ' 4 

This construction makes, the sqptf-bow rather fuller 

outside thap has becii ngpal. According to all tljc 

sections in books, and most* of the bclK that 1 have 

^bwis/you can lay a straight edge against the lip and 

the top shoulder of the bell ; but in the Westminster 

pattern the straight edge would be thrown out a little 

beyond the lip, by the protuberance of the sound-bow. 

I do not profess to give any reason why this pattern 

should be any better than the more hollow ellipse, of 

major a'xis 12, which is the more usual English pattern,* 

instead of 13, or than the foreign pattern, which is not 

an ellipse at all but a very much less hollow curve, and 

not ending horizontally at the mouth : r all I can say is, 

that having tried them all, bofh I and other people who 

examined them cajne to the conclusion that this is the 

best in effect. The greater tallness o,f the foreign bells, 

which has sometimes been copied in English ones, 

has loiig apipearql to me to be a pure waste of metal as 

regards spund, if not worse ; besides being a serious 

incuxLbrance in the increased momentum and centri- 
' 

, u 
« . <. 

r* $0 far from * neat propoi Jon of that kind having a presumption in its 
^fatfwjr, I think J,he presumption ‘s against i«* ; for we may be almost sme 
it was adopted at 0 guess, because it was a neat propoition, and not from 
induction founded on experiments, as the W istminstcr or Doncaster pa+tera 
i*as. '■ • 
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fugal force of the bell in ringing ; and J believe all the 
English founders are of that *>pinipn *now. * • 

Composition* of bell metal. without going aver 
the varimi# experiments with different metals, bofch 
simple ones^ guch As steel or aluminium (the wdrst of 
all), and compound ones various alldys, which I 
described and exhibited in a lecture at tbe* Royal 
Institution in 183 7) it is though to say here tliaJ not 
One of them wa£ equal or jjjearly equal in the quality*o£ 
the sound t<£ that alloy of copper and tin coqnnGfaly 
called bell metal, for which various proportions We given 

in the books froSt 1 ^ - — down to : I say down , 
3 copper 4 J 

because the more tin there is the ‘ higher 3 the metal is 

called. I Lave said before that 3 of modern copper to 

1 of tin may be taken as the turiung point between 

brittleness and, toughneSs; and it is thq*, proportion 

which gives *the greatest density^ 9* specific gravity of 

the alloy, in very gobd casting as qjiucli as 8*9, or equal 

to that of notanercly cast* bat rolled copper* though 

that of the tin in the^allqj^is only 7. No specific 

gravity less than 8*8 ought to be allowed. Although 

part of Mr. Me&rs’s Westminster bell* is only 8*32, 

another # part is 8-8. The lightest piece o£ the former 

bell that was analysed was 8*84.7, iccorfiing *to Dr. 

Percy's report, afid a bit near the bottom waS 8^4. 

It is^clcar that* the old beil-fqjjnders fiimpd at Some- 
thing near this proportion t>f 3 to # i^nd sometimes 
exceeded it a little hi the quantity of tin, or tin and 
antimony together, which excqps their copper would tear* 
thflijgh oiy*s Tgill^iot. \I have already gi\en th^ reasons 
why wfts fixed on for*the Wostminsf&^bells, and 

% 2 
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there is no doubt that that composition is strong enough, 
provided it is soundly cast and has been twice melted. 
But. for all that I propose now to vary it a little, for 
a< reason having no relation t© the toughness, but fdr 
a chemical reason of a different ‘kind. Tt happens, 
oddly ( enough, that; neither this, nor any one of the 
proporHobs given in books or commonly used for bqll 
metal,' agrees with what aref called f/hc chemical equiva- 
lents q** atomic weights of the two metals, which arc—- 
copper ,32, tin 59: 3 to 1 doSs not, whicli some of the 
Bdoh/Tcafl f au excellent metal for largo bells - 1 nor 34 
to 1, wbmh others recommend and^ Messrs. Warner 
now use; nor 4 to 1, which is the common soft metal 
of house bolls, and sometimes wrongly used for church 
bells; nor does - 7 2 quite; but-/ docs : for V 59 = 192, 
which is a multiple of 32. In other words, such bell 
metal w&uld be a true chemical combination of 6 atoms 

4 

of copper to 1 of fc;u (Cu fi Sn), though it is only 3] 
pounds or ounces of copper to one f of tin. 

Lord 'Rosso madfc his great speculum on this prin- 
ciple, of 4 atoms of copper to 4 i of tin (Cu 4 Sn), or in 
the proportion of irt8 to 59 by weight ; and it is said 
that a very slight deviation from it runs great risk of 
spoiling a speculum. I am told by persons who have 
made experilhent^bothrin that and other alloys, apd some 
instances c£ it arc given in books, that the combinations 
whjcl?*Vrc (lefinite rftuHipks of the attain ic weights arc 
lqss liable than others to oeparate or become unhomo- 
getjec-us in citing* like’ Mr. Mear^s bell, and that they 
*hre ^better ih< other respects: certainly the difference 
between the pppcaranc? of the fracture of the atomic 
speculum -*Letal and of dthdr metal very slightly 
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deviating from it, is remarkable. I 9 was very near 
prescribing the above memionqd 'fctomic proportion* 
for the Westminster metal, and indeed I published 
ft as a suggestion if 1856^ but I was then*assur£d 
by persons kfcew more of castirfg tjian f did, 
that the stfofhic principle w§% of no consequences in the 
ipetallic alloys. But although not one bcrf ift ^1000 
may fail in this VSy, to the gxtent that, Mr. Mears's 
bell has, and small onesnjtobably not at all, because 
they cool before the metals have time to separate, ft is^ 
clear «thri there is a tendency to dj it ; and incited I 
find it is well k^own at Woolwich ^ a thing to be 
provided against in casting large guns of gun-metal. 

It seems to me at any rate imprudent not to avail our- 
selves of this undoubted law of nature, especially as 
there is an atomic combination which happens to be a 
particularly convenient proportion, being e^ctly a mean 
between thfi 3 to 1 which is juft too brittle to be 
safe, and the 3] to iVliich the bell^founderslike because 
it is easier to tune, but which is certainly softer and 
less sonorous than it need be* I should now therefore 


require large bglls to be made of "ttjjs 


76*5 qopper 
^3 5 tan ' 


or Cu 0# Sn; and they should then be rejectee^ as nn- # 
homogeneous if any part of thb beS is proved to be 
beyond the limfts of either 77 per cent, of cooper or 
23 of Jin.* It must not be %upggsed howe^r, tmtathis 
wonld have prevented thefpcfrb^ty qf Mears^t bell, 
which is a quite independent defect, aifl would kave 
made the bell a bad one, ey§n if it had not alsooms- 
cdirjied # ip comPositi<^i and fortunately destroyed 
itself. # # * # W 
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The only other atomic combination within the range 
•of tell metal is Sn, or 19 copper to 5 tin by weight; 

bub that is too soft, except for small h6usc bells, which 
afe thinner and have clappers iftuph larger in proportion 
than Church bells. Old I’om of Lincoln end the old 
York Minster bells of 1/6^, and probably the Bow 
bells, c?f nearly the same date and made from the same 
patterns, contained ’03 of antin/biiy, which has a 
hardening effect like tin. '/That is Inuch too large 
v a quantity to have got in by Occident ; but I am not 
prepared to give i positive Opinion whether tlv're'is any 
advantage in it ( or not, because thq. few experiments 
which have been made were not conclusive by them- 
selves. There was no perceptible improvement in the 
sound from introducing about ‘03 of antimony into a 
small bell, and the experiment that was made as to 
strength wa« not a fair one, bbcausc the same quantity 
of copper was nof'+aken. The antimony diminishes 
the specific gravity ,of the alloy, vthich tin does not, 
though so ( much ligktei than copper by itself. So far 
as I have an opinion oft the’ point, it is at present 
against the anfimefay, and the bell-founders have the 
same opinion. Very small quantities of iron, lead, 
zinc, arsenic, and sulphur sometimes appear in the 
analysis* of b 611 s ;^but they are mere impurities. 'I have 
indeed seefo lead and zinc in considerable quantities 
innocently vput, down/n books as ingredients of bell 
motak; but it ; >.:s bec£ ‘nierely adulterated ; for both 
those 'metals rre injurious and have no business there at 
ail, especially the lead : a little zinc is sometimes put 
into smail bells. I do not know f (4 what reason. ’ 
Stfcel bSls. I have frequently been asked any 



. STEEL, SILVfiB, AND ^LUMINIUM. ' 413 

• • • • 
opinion of these bells, which are now mad^ both in 
Germany and at Sheffield/ I have not myself bbard 
any but quite Small ones, and those were very inferior * 
indeed to *bell metal ; i and I never received but one 
opinion as J;o the inferiority*of the large one® also, from 
good judges who have heajd thenv % I tohf the jnakers, 
jrlio wrote to me on the* subject, that if thejr meant to 
convince the puttie of thefr value, they ought to # Ahibit 
•a large cast steel bell tqgetlier with a gfod ball mptal 
•one of the* same weight. They are however much 
cheaper ,than bell metal, »and that® would be *a^good 
reason for having them, if large bells were ^ pecessary 
of life, and if it was impossible to* find the money 
to pay for the proper materials for making them. I 
understand they require hammers two or three times 
as heavy as bell metal bells : if so, # therfi would be little 
saved in usings them for* large clock bells^ as fhc clocks 
would cost "much more. f 

Silver. The m©st inveterate of all popular delusions 
about bells i% the notion* that old bells had silver in 
them, and that all bells would be improved by it. 
There is not the slightest foundation for t]>at belief. 
Nevertheless w& had some experiments made *for the 
purpose of being quite sure that silver was of no use # 
ejthe^ with reference to sound ©r strength of tfic metal; 
several different proportions were tried, bggiunirig with, 
sixpehee in a bfll of nearly a jmuhd weighj, was 

clear that the silver ratter <fcd taru^han good ill fyoth 
respects. I suppose the delusion hasVrisen ftojfL the 
ring of shillings and half-crowns, which justifibs^Tio 
Such inference j any j^ore thai^ in the ca $e of aluminium, 
wlich* sbme people ftnclcd would mak^'iy fim bells, 
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until I exhibited one at .the Royal Institution, which 
M/'St. Claire Deville of \ Paris was good enough to 
*castd for the purpose; and the sound to as worse than 
of* cast iron. A bell of coyperund aluminiumrwas also 
bad, though the bronze of 9 coppef to 1 aluminium is 
in other respects a re ry superior metal to 1 either brass 
or anytalley of copper and tm (see p. 95). No com- 
position for bells has yet been discovered equal to 
copper and tin in the proportions I have given. There 
was 4a large bell of iron and tin in the 1851 Exhibition; 
but^hat also was very inferior indeed to bell-metal; 
and it required an enormous blow to bring out the 
sound, and was at last cracked thereby. 

Moulding. There are two different ways of making 
the moulds for bells. As to the internal mould or core 
they are nearly identical, that being made by covering 
a cone either of brickwork or of cast iron with mould- 
ing clay, which is \iwept over into the shape of the 
inside of th^ell by a piece of wood 1 called a sweep or 
crook fixed to an axis or spindle set up in the middle 
of the core. The advantage of the iron core is that it 
can be lifted up and* put into a furnace to dry, instead 
of lighting a fire inside it. At this point the difference 
between the two methods begins. The old method is 
to make ' a chly be& on* the core by means of another 
. trook," and when that is dry to make the outside mould 
or coverbn tfce top of that. 'The cope has hair and hay* 
bands,* and in hmge ones; iron bands worked into it, 
to riyvlte it htfid together and lift off when it is dry ; 
tKfenlthe clay bell or thickness is knocked to pieces, 
the cope dropped down again and weighted with earth 
in tho«pit w,b(je the bells are cast, and the metal poursd 
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in at the top through one hole, another being left for 
the air to corns out at. / „ • 1 * 

• 

In the other tray there is no thickness made, bu£ the • 
dope is an* iron case lined frith clay and swept out by 
an interna^ sweep #to the Aape of the outside^f the 
bell. Thp vtires or omamegjal rings v round*the j^ell are 
qiade in both cases by thd second sweep, and.th$ letters 
and another onfaljpents afe pressed by stamps itifb the 
clay of the cope while it i^soft. These ^jon cqpes can 
be bolted ddwn to a phfte under the core, and there- 
fore do fiot require to be «unk so deep in the gwand, 
providcd^oul^ proper care is taken to* get a high enough 
head of melted metal above the bill, or else it is 
certain to be of bad specific gra\ity and probably 
porous in t casting of any considerable size, as in the 
top of the first Westminster bell, where the metal ran 
short. This second mode of casting is used Messrs. 
Warner, and the other by Mr. ^rars, and I believe 
other bell-founders. Small $efls, up tagUpout i cwt. 
are generally ^ast m san^, like Iron, iron # eomplete 
models which arc kept* and .not in loam tnoulds made 
by sweeps. Bells arc always casfe mouth downwards, 
so that the sound -bow, which is by far 0 the i*iost # impor- 
tant part, may have the best chance of being sound by # 
having the greatest pressure •of Aetal# on it. The 
importance of •this was illustrated by Lord Jtbsse's. 
experiments wifti large cast iroji crucibles jfor^elting 
speculum metal in, whiA wfc^e always porous jn Jhe 
bottom, which is th<jir mit important pwt, until*he?had 
them cast with their mouths upwards. 9 • ~ 

• Bell-metal melts ^t a temperature fgr bclpw tfiat of 
the copjfer, as is usf al # with the alloj^ ono^easy- 
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melting metal.. Small bits will melt in a common 
hoir.e fire. It is melted In a reverberatory furnace, in 
which the fire is at I me end of a long shallow trough 
which holds the metal, antj, the flame is drawn over it 
to resell the chimney at the other /md and„is reverbe- 
rated down upon n fpm a 'bridge y and a iow.roof ovc.r 
the trough. The different founders use different fuel 
as wdhas different ways of moulding* Mr. Mfears, as 
ljis coqjasel told us, still ujjies wood ; * and I suppose 
the ; old founders did, unless 'they uspd charcoal, as I 
understand they do in Russia, which is probably far 
better, because wood contains so much moisture that 
it takes much longer to get the requisite heat up 
with it, and it is notoriously a bad thing to keep the 
metal long melted getting up the heat. ./ft Woolwich 
they have given up using wood for that reason, and use 
coal or cdke in melting gun-metal, which is bell-metal 
with much less tin i^jt. Messrs. Warner also use coal. 
In order to^tot this as far as possible, I gave to them 
and Mr. MotK the s'ame pattern for a bell of about 12 
cwt. for the^two new churches <it Doncaster; and the 
result, in the opinion of everybody there, is very 
decidedly ip fav6ur of the coal-cast bell ; but whether 
from that cause or some other difference in the general 
management pf tlfe carting, of course I cannqt say. 
Mosttif the.mctal of Mr. Mears's Westminster bell was 
nine tiofoes ijjs long in tjic fprnace as Messrs. Warner's 
(which, however ^suspect* wa* run too soon), and was 
also<fo?r timeses long running intQ the mould, though 
there were 2 tbns less of it. I have no doubt that that 
slow runping contributed to its finsouadness. Lori 
Ross^peciaJlj 'mentions the Importance of quick ruji- 
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ning of large speculums, wjiich agaijf are bell-metal 
with a higher quantity of tiii. \ • * 9 

Mending cracked belli. Whenever a. bell o& any * 
importance? cracks, there invariably follows a* floods of 
suggestions, # publlb and private, for m&idiftg it : 
generally b Jr * cutting out.ihe crack ' in* sometway or 
©ther. And as there exists in some persons »what is 
called cblour-blirfflScss by tlie world at large, so tliere are 
•persons to whdm a bell fo divided — an^ others ajjp n- 
•rcntly to whom a bell with six cracks in it, squncfc (at 
least # tli$y say it docs) rib worse than when* 11 was 
whole, though ,£o other people's ears the . tone is 
generally altered several notes, or is made otherwise 
intolerably bad. Another way of mending, which is 
continually being reinvented, is by what is called 
burning the parts together; i.e. P cutting the crack 
wide enough. to Jet hot metal be poured in and 
through, tfhicli is done until ^$6 constant applica- 
tion of it partially melts the fac^s of thlfcriivision and 
then the running is stopped *wid left to co^. "This may 
perhaps answer in verjf thin Hbells, though the cracking 
of one of Sir C. Barry's gun-mc&aljhands jjdiicli were 
put together iif that way is not very encouraging even 
for much thinner castings ; and the contraction and con# 
sequent tension of the metal, wtfuld irtost Hkelv^rack the 
bell again as sobn as ic is rung. There is*no cfidence* 
that I can learn, of an^ belles large a& a # A«mon 
church bell having been^udcfc^sfullyl^ated in this way* 
yet. And if the bell has ©racked from an^ radical defect, 
as both the Westminster bells Jhavc, of course it is a&stfrd 
i!b # thiplj of t mftiding it, cvcn%if # wci;« otherwise pos-* 
sible ; for the same d?fect # would .make iT" crack again. 

A ^ T ■ 
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ON CHURCJI BELLS 'IN GENERAL. 


* 1 • BJ5LL Ranging. 

New bell crown. ( I said* at page 353 that I should 
deScribe^a new kind of bell 'crown fusing the V<frd in its 
proper'sensq, of what is pul upon tlte liea^l, and not of 
the head itself as the belltfounders do) which has a 

f Ci 

good dtal of the same advantage as the mushroom 

* * O « | 

fig. 64- # 



crown and avoids expensiveness of the iron work 
which that in\olvos. f First supposl a lump of metal 
as broad as ^thc bell-stock is to be, or f bout } of the 
diameter of the bell, east On the top, witli a round hole 
through i L } for the flapper bolt, which fits square into 
the stock, As in the mushroom. Fronrtlns lump there 
'project 4, not 6, cartons C, much thicker than usual, of 
a section like an (T with' a slice of the top cut off; ard 
these hre agiin joined to the top of tlife bell by strong 
lumps o£ m*tal 1). Thf, section of the canons has been 
drawn quite roy^d in thjs figure by mistake : otherwise 
it is o plan anf^ side view of tKe top of such a bell with 
portions of the bolts P Q, which are mere loops of round 
*iron with niits above, tho stock. JlSy placing the samfe 
bolts-Ri tCo "different ways, each with one leg in the 
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stock, or two of them insidejand the other two outside 
of the stock, you may get 4/lifferfnt pairs of place# for 
the clapper to Strike, with the sa#ne stock and without * 
hny cutting of it, and the styck itself is far less cut iato 
and weakened than* by thfe usual canons •wWh are 
necessarily much taller. TJ*e Doncaster bells \$cre the 
first peal made in this wiy. *• . 

On the old plaif ttyo, the dapper bolt is always dhtt into 
•the bell, and must be cut ^ff ahd a nc*v q^e stu§k on in 
•some way, tfi turn the b&l at all, which is an awkward 
job, and postpones the turning of beils for yehr»«tffccr it 
ought to bc # done. And in connexion witli^hat it is 
another advantage of this plan, tlilit it enables the 
clapper bolt to be adjusted both for length and position, 
which cannot be done when they arc cast in. The 
length of that bolt ought to be mpre ot less according 
as the bell is^hung mcrrc or Jess high in thi stock, in 
order to bring the point of susnpasion of the clapper 
below the gudgeons or pivots of the bell, without which 
it will not swi^ig or strike ^properly ; and agkin, if the 
bolt is cast in a little t>u oi*e side, the clapper will not 
strike true and the time betweentthe blowsjpill be un- 
equal, which makes it impossible to ring Elia bells truly. 
If some such plan as this had existed in old timc% 
^lier^iy a bell could easily be tmrneclin the stick, many 
a fiuc old bell would now be alive which gof crack#] froftv 
being 11 constantly struck ii* one place* an<kso*Aqjii too 
thin. These four short5mdt thick aMons arc ihpteqvc^ 
much stronger ancl lessvisjblc to cracky than tlle # tisual 
six thinner and longer ones, , 9 * r 

% Opinions differ whether larec bells should #t>o what 
•ailed f fucked up in^he stock/ or the aop»of 44e bell 
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made higjher than the ( pivpts or gudgeons . 1 The advan- 
tage of it evidently that, it diminishes J;he centrifugal 
forcg, or sideway strain of the bell on the frame ; and 
if,friction were out of the jvayit would of course makfc 
the beK cacier to raise and king. 'Atiew yeaig ago there 
was a ^pxair controversy oq^the subject, m Tjhicli Mr. 
Baker* whu is mentioned at p. ^ 52 , and some of his friend^ 
expended some elaborate iriathem^iits in proving this 
very s^f-evitjent proposition, which they supposed to 
havq boon denied. But fraction is not' out of the 
question; 'and as a*bell in swing is in effect a ppmkilum, 
and not (^s I have even heard bell-foundjers represent 
it) a body lifted by a steady pull like a lever, it may 
very easily happen that a certain amount of friction on. 
the pivots may make it impossible to make the bell 
pendulum swing through 360° by any practicable force 
that can te applied to it at the beginning of its motion, 
which is the only when the rope acts upon it. 
Mr. Taylor said at the time I havoi referred to, that a 
bell of about 52 cwt.'at Hereford whicli (| hc and some 
other boys used to raise aiad set* (i.e. ring till it stands 
mouth uj^jvards) wasonade unraisable by them by being 
rehung and© at the same time ‘tucked up;* and so con- 
sent was he of the mistake of this mode of hanging, 
that he Offered +0.611 Mr. Mears’s great bell at, Yorjc 
.with btfer if *.qny number of men could tet it, and they 
never fftuld^as Browne ’9 History of York MinstCr also 
testifies, though MeaysFGoii^radicted it in the Builder 
when Jfr. Tay/or stated it. p. know another person 
wb* was present when 30 men tried in vain to do it. 

■ The grqat foreign bellj are all/ hung quite clear oi 
the stprk, understand; and nobody has ever denied 
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that when so hung the clapper strikes much better; 
indeed when they are hung high the clapper always 
‘ rises fal^p/ or hangs on the low aide of th^bell inatead * 
6f flying after it and striking the high side ; ynd this 
also tends, to maJ*c the bSll more difficult t& raise.: 
There is piofeover a rem arable difference*in therfacility 
<jf tolling, according as flic bell is hung hrw qfshort. 

I can toll the ttr\ largcsf bells of Doncaster Jsfiurch 
together, weighihg 2 \ tonsf one with cach^and, Irhejpsfe 
it is difficult to make a high-hung bell toll at a]}. j am 
surprked # that very large bf 11s, say above 2 tons *£Fc not 
hung 011 long; friction rollers— i.e. so much of .the cir- 
cumference of a friction wheel a§ = tlie circumference 
of the gudgeon or pivot of the bell. I recommended 
it for the great Leeds bell, tbe only one of that weight 
in England that can be safely rung ;it alf, but the Town 
Council or tlifir lychittct knew better.^ I^iave no 
doubt if that had been done, one or«two men could have 

• • w 

raised the bell, anti it might hajc been rung, say at 
9 o’clock every evening, lijLO«thc smaller buf fine bell 
of St. Mary’s Cambridge, and other bells elsewhere. 
Of course brasses must be put to l&eft the gij^geons in 
their place against the side swing. And by the way, 
let me say a word here to warn those whom it may 
copcerjf, that if the smaller bdls of*a pfeal jumg out 
of their brasses^ hen they are new, it is .because the* 
gudgedbs are not sunk deep chough.* 1 Hav£ K**own 
that happen several timts.*l©f com+c the founders 
always denied that that As the reason, b^t as iAsyred 
it myself at Doncaster by getting deeper brasses* flic 
d&iial was not Tfortli much. % # 

m 99 • # p 9 % 9 m 

■Bell ttfwers. tlffc great tower at WestnamstC^liad 
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been the^bell afyl clock torver, as it ought to have been, 
Cde f tower itself wolilc* have had some use and meaning, 
instead of being apparently built for nothing bjit to carry 
that abominable flag-staff and the iron box r6oly which it 
is stuck into; and the bells* might*htfve been, rung occa- 
sionally, the $ clock 'bells with 5 others fortniug a com- 
plete sucli as there is not in the world. There ip 
no roevi for such a peal in tfie present clock tower; and 
ff you Cried tyj swing those fyells at thfi height, of 200 
feefyin such a tower as that ‘ grandfather of clock cases' 
(as somebody calldfl it), it w6ujd probably soon m^ke an 
end of both tower and bells together, though Sir C. Barry 
once told me he thought it might be done. The great 
foreign bells, such as Erfurt and Paris, which are nearly 
as heavy as this, are rung occassionallv ; and anybody 
who has tried the experiment, or ever attended to the 
sound oi* bejls, knows that fney .sound much better 
swinging. ThereN.* very good foundation for the 
popular association o^ ringing with jby fulness and tolling 
with dolefuljiess. To be sure, some of, our legislators 
(including the Prime Minister \lho talks of the * gloomi- 
ness ' pf*fha$ stvle * 5 f building which has the largest 
windows ih the world) were astonished that a 13] ton 
hell striking the long hours should sound monotonous, 
and ratlier doleful th?m cheerful. But the laws of 

,o 

nature will not alter even for the British House of 
Commons** ind ^rge ty;lls tfith slow anil long vibrations 
must he struck slowly, aid a^ropetition of heavy blows 
by r'aehinery^s apt to be monotonous, and mouotonous- 
ness is seldom cheerful — except, I suppose, in what is 
called classical architecture ; of which monotonous 
repdtiiiorr is as characteristic a8 variety is 6f Gothic. 
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Perhaps* the present Commissioner of % *Hcr Majesty's 
Buildings, Bells ^ and Clocks# is nht bnly to put d<$9?1& 
everything Gothic, and to cure tracked bells, but to 
teach ustioV to makejatge blocks strike cheerfully.** 

I know ii has beftn said tfiat swiygiifg even £or io 
tons of bells* to make theijtclappars strike theta is a 
very unscientific and barbarous proceeditfg. #1 re- 
member a gcntleftiaci taking some pains at the^frehi- 
tccts' Institute to show tlitt bells soundei^ just%is Tjpll 
still as swinging ? and he perfectly succeeded yithf his 
experiments in convin^pg thp aufiience tliaS^thcy 
did* not. Anpthej reason for swinging the bolls in a 
peal is that it would be difficult t<* keep time otherwise; 
for the large bells acting as pendulums swinging a 
large arc regulate the time of the whole in a way that 
nothing else could. In chiming or tofling the bells, 

9 i.c. swinging them & verjr little way, only # j usif enough 
to meet the* clapper, they act^ stiy**more distinctly as 
pendulums, and thc*small bells arg swung further than 
the large to nwhe them keep* the samc^tijne. # Some- 
times peals of bells are fung now by merely pulling the 
clappers, as at St. Albans, and Meftou^Chap^Jf Oxford, 
and Chester Cathedral, and perhaps other plticcs wdiere 


they h^ve destrojed the belfries in order to oj)cn the# 
tower rfi story higher. No one* can fecar*that stjle of 
ringing without perceiving its miserable effect compared* 
with cifen chiming, and miibli jjjorc with f fining. 


•I 


«»• • 

►about the doleful s^imd 


* It is worth observing, that allt hose eo*i]>lai]l_ 
of tlic clock strikirg vere iwlbre flbe «quarter chimes -\Jere liuirdf! ^nme 
people, who did not like the gitat bell alone, were quifc) reconciled ttji^by 
th% quarters, and wrr$ voiy ^jrry wlien 1 Re Hoard of Woihb stopped thorn. •• 
Probably a letter bell thyi vq nowAow fliat warn Id sound less 

rloWTul than either 4 it or its predecessor, which. was unsound flfcn 
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In soma other •places tbiscway of ringing even a single 
.bei£ has been adopted fronr pure lazinefrc. 

A large ,bell may *be tolled easily by oncrman, if it 
improperly hung, though not if it is ' tuckfed'ap in tlie 
stock/ and so there is no excuse lof 'clappering/ which 
sometimes clacks bells besides. I should*' hang a very 
large *hclf for tolling only, on wedge shaped gudgeons, 
so a^jo move with very little friction*, and put a stop to 
prpvem it from being pulled too far. Where the tower 
is tpo weak or too small to allow the bells to swing, or 
wheffc you cannotf get a belij^high enough fpr the rise 
of the ropes (which requires 18 feet ^t least to be safe), 
the proper way is to put levers and not wheels to the 
stocks, hang the bells low in the stock so as to toll 
easily, put much heavier clappers than would be used 
for ringing in fulL swing, and let the bells be only 
chimed/ Few people know hdw good the effect of this 1 
is, first because itS^ seldom done at all, and secondly 
because there is hardly a bell in England which has a 
clapper Heavy enough fo* tolling ; the only one I know 
is at the Doncaster Cemetery); where I had the bell 
hung in*Jthis way, tod a clapper of exactly twice the 
bell-founder’s weight put in. It is full - %i \ T of the 
.weight of the bell, which has been tolled for at least 
half an hour 'a day on° the average for 5 year* now ; 
and this is another proof of the folly 0! pretending that 
a cWck' h^nmer only,*-^ bf the weight of thff West- 
minster bell would have fcracKed it if it had been ever 
sounds Whatever the pcaKat "All Saints Church in 
Margaret Street is completed, I should treat it in that 
“way, except a* few /)f the small bells;' which may fce 
hunj k wo «3ing. These bells are gradually being made 
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as a copy of the Doncaster peal, but ^Ihe aroa of the 
Doncaster towe^is nearly three time! as great, and tlTR 
walls far stronger. I am sure therefore th^t a peal of 
tons will not be rung often in that tower* and If 
they are nqj; chimed* tfiey wilf be clagpered ahd Spoilt; 
which will b(f an ignominioq* end fpr the "best— •! may 
s%y, the only good modern peal in London*; fdr the 
larger bells of all't^e rest ’are too thin, find qj^hy of 
fliem bad in other ways lfesi<ies. I ean^ear that £h£ 
tenor is already .clappcrcd ; and from that ^id |the 
smallness of the tower, it 'sounds very infenoi^To its 
cldor brotlicr # at Doncaster. The clapper is.too light 
also, as usual. # 1 

The clappers in English bells are generally hung 
by au iron strap to a D-sliaped loop at the end of the 
clapper-bolt with a piece of leather between. This is 
all very well wlyle t^e leather lasts, but it^does* not last 
long, and pcbplc generally neglect j;c f renew it, and then 
the iron strap worlA on the iron^bolt, often without 
even any oil, aiyl they both wear out, and the* clapper 
becomes practically longer and strikes' the bell too near 
the lip and cracks it. Where t her ft is^rogm^for it, as 
there always may be in large bells, it is iliucll better to 


fix the chipper in a wooden block, cut in two to admit 
bol^h the bolt and the clapper* the "taro ‘halves being 
strapped and screwed together after itis pjit in.^* The" 
wood sttould not be oak, or iff wiy # rust the irfla^/elsa or 
ash will do very well. Alight! belts clapper should 
have holes in and wiacs th.ipugh # thcm, to ^eep.th^%uts 
from shaking off, which may ^et tlic clapper fly out ifld 
vc*y likely brpal/the ^ell. 

tliave Spoken incidentally of tlie^weiglit o& clippers 
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already.' English clappers arc generally very much 
'&nl.ller than whatf is* given as the foreign proportion, * 
viz.;^- of the weight 'of the bell, and they are generally 
tbo light even for our thin f, bells.^ From this 6ause you 
can hardly liea? the large fcells of nfany pealr distinctly; 
and tKe striking of 'docksw generally fecblcv, from the 
smallness*’ of the hammers. There is no doubt, top, 
that Mis sound ill as well as weal if their clappers 
to<? lights That same Foncaster cemetery bell was 
in (the. 1851 Exhibition and remained at Messrs. 
Warner's unsold for somS years afterwards, n till it 
occurred to. me that the clapper wa*s ton small, as«the 
bell was very thick for a modern one, being cast from 
an old pattern. * I advised them to try a clapper twice 
as heavy, and then I found the bell was a very good 
one, and it sound? unusually well for its size, chiefly 
on account .of its thickness r and the heavy clapper. 1 
The reason why toft light a clapper not only makes a 
bell sound weaker than it ought, bfit worse, no doubt is 
that it does, not thoroughly rouse the *Uiolc mass into 
vibration. ' 

I knOr two chufchcs where the bells arc hung in 
cast-iron Stocks, which can be made perhaps lighter 
than wooden ones ; and they avoid the shrinking and 
swelling to Vhieh v wooden stocks arc liable, especially if 
'they w ‘ are hot painted. The bells hung in that way 
cert ".inlying remarkably Well, and require less atten- 
tion. ' But perhaps thoife* is some risk of the stocks 
cra^Viag, en/f they would be^ote* expensive generally. 
Sdr £ am not prepared to give a decided opinion cither 
w for or against «them on *he whole*, •' 

EeMraires are rather beybnd the scope of this 
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book, afid T have spoken of them ii^'the book on 
Churcli-buiidingj The great point* is to make fBUF; 
frame strong enough not to changt its form* under "the 
swing of the* bells. At the sfcme time the elasticity rff 
the wood is#useful iif taking tfie forc$ of the ^swihg off 
the tower,. as The springs talv* the shake off a cai+i&ge ; 
and for that reason the timbers of the frame* 'itself 
should never toucVithe walls ^ at any rate the 
upper beams. # Vor some ^reason or otlwjr tht^ bejl- 
founders' meij will never make the bed for thp slifler 
under the, bell as a circular arc, strtick with a*Sfring 
from the gudgpon ps the centre, unless they w»c made 
to do so. It muat be obvious to everybody who knows 
what a circle is, that the sliders must slide under the 
action of the stay of the bell (I need not explain these 
terms to anybody who is likely to sttcnA to this) with 
•much less fiietion in, a circular arc than on a straight 
edge. I made this alteration 26 y^ars ago in the first 
peal of bells 1 cvef rang, and £ # lately got it done, 
rather unwillingly, at Doneastcr; but J)<^»ides those 
instances I never saw it anywhere. Gliders are gene- 
rally made much thicker than the£ need Jt>c y »*Boards 
should be put ofer them to prevent thb gfcase from 
droppin| onto them, as wood runs ^ better on wood 
without it. If it wants any tiling to* diminish the 
friction, black lcd*l is the thing. A mixture* &f oij* and 
grease i3 best for the gudgebns/pnd a iittletbrifnstone 
flour has a curious effeef ift* aidinj**t!ie operation $f 
the grease. I need baldly -say ttiat many A pftiutflSpay 
be saved* by a few shillings ijjent at the proper tailie 
in V^epipg al^tMS iromwork of ^elb* in ^rder, -properly 
screwed up, free from rfcst,%nd the^wood-wprb* p&iited 
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also : oply oak^hould not be painted for a year after it 
rfe^ut up, ' • * j * 

lew persons, and* fewer architects, appear to know 
Sow n*nch the sound of'bclks is muffled* arid lost by 
boxing them up irt small 1 bell-cfiatabers, pitting them 
below* the Window^ mai?pg the windows themselves 
too sfyall; and filling then^up with close louvres, 0 I 
hav^said little about tiiis alsfc hi the Lectures on • 
ft Cljur<fi-builck'ng y but it *s equally appropriate here, arid 
I pan ,now enforce it by examples- The architect of 
the Lbecis Town-hall built the bell-floor so m r uch below 
the sills rof the windows, and so muph of the soused of 
the great clock^ bell .was lost thereby, that they had to 
raise the floor several feet and rchang the bell; and th»s 9 
after the very same thing had happened at a church 
close by only a few years before. The louvres or rain- 
blinds of the windows are still twice tvs close or numcj 
rous there as thby^ need be, and of coiirse tend to 
obstruct the sounfi. It is strtogc that architects 
cannot renjember that tho- bottom edga of one louvre- 
board need never be as low as the top of the one below 
it, as mqin ^do<$ nbt usually go horizontally, and no 
louvres will kteep out snow, and it is 6f no consequence 
if a little rain and snow do come in, as the wood and 
iron-w&rk shouli be aiways kept painted, and wet (loes 
the b^ells ho haiyn. It is a good plan to cover the bell- 
chamfowb$oor** with f einc} laid so as to send* off any 
water into-a srio^t. <• fc # * 

clock bell of Canterbury cathedral stands 
ohtthe top of'the great, tower. ,It is considered a good 
bell, and is oh the*>ld^scale of thickness, being ^tlSove* 
twtcdtfce weight of the , Exchange clock bell oMhc 
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same nflte; but when J h6ard it it ’obvioysly hjia” 
a very insufficient fiammep. If. is the practice* 1 Xi? 
Suffolk, and perhaps elsewhere, f |0 hare spaall cl«ck- 
bells of ^rnly 2 or 3 cVt. ®hung in an open fraiffc 
outside thn top olP* tlie to\fer, aryl they *are # heard 
farther than ihany bells of fon times the fteighf^inside 
a* bell-cliamber and below ^tlie windows, esjfeciiilly as 
thte clock-hammcrs\of large bells are spldom^eavy 
enough.- Thj 3*0 cwt. clodk-bell of Doncaster Miu^lfJ 
which has qiglit » large windows down to tfyc ^ell- 
chambfcr ^oor* and no louvres, is sjhid to haVff’becn 
hea*d n mile$ by qiglit and 7 by day; of course with 
the wind in its favour. For it. is a* remarkable fact, 
no means yet explained, that a wind hardly strong 
enough to move a leaf allows sound to be heard three 
or four times farther in the direction of *the wind than 
against it, although Jhc Velocity of sound is enormously 
greater than of wind in the most vjofent storm. 

The well known Aory of St. Pair’s clock being heard 
at Windsor, staking 1 3, by4i sentinel who was charged 
with being asleep, is oTten^negardecT’as fabulous, and 
may well appear so now that oiie # cau # s^don^hear it 
two miles off. Bht Itcicl says in his book ion <?loek*s that 
he heard it there himself, and I have heard an officer • 
whp was quartered there say tbt sanity i suspect the 
reason why it sohnds so feeble now isbthat'tlie ^tslock* 
has beeh neglected or misnSanqgcd, so%thaf is^tead of 
lifting the hammer 10 in£ aSihuse^tft do, it does n^t 
rise perhaps 3 in., as -that i* by # no*means j\ 
rence in church clockj. 

^hetjier tj&fo are* louvrcs^or^notjithe -windows* 
ofw bell-chamber should always b^ completely (JBvere d 
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Vith strong wire netting to keep out birds, * at least 
there is woodwork, though' they^ seem to have no 
fancy for the cold ir9u roof and beams at Westminster. 
As I Jiave seldom had do 'praise the Architectural 
arrangements lliere, I a£a glacf t^f be ablp to say at 
last that 1 4 )elieve*that ^ the best bctl-cjiamber in 
Engl&pd* The height of tlfe bells above the ground 
(20i*4pet) is valuable, both* in sprqAchng the sound fhr, 
'and p«3ventmg it from^eing too loud blose by;, and thfe 
plape could hardly be more open than it is : you can 
not fo'Age from «below hoV large the openings are, 
but you paay sec the great bell from the EJoutli Western 
Railway and frofn spine places in St. James’s Park; 
for there are no louvres; and the floor is at lj\?t 
flagged so as to throw the rain off, though it was at 
first cleverly laid sp that the water stood in a pond. 
Wheneiflbr the clock is allowed again tp have a bell to* 
strike the hours ofl, people hearing it at long distances 
must remember that^ at h miles it Vrill sound nearly half 
a minute too slow, and «so, on in proporjion, at the rate 
of seconds to la mile* Tiny first blow of the hour, 
and no* of the puaJters, indicates the hour; the other 
quarters Begin at their right times. * 

The large bells of Europe are now all that I have 
to speak of.< have ' already given at 'page 402 the 
particulars of the largest ringing peals in England, of 
which Softer a^ne has a ' tenor above 3 tons. ' I must 
add that I neither voncl foi* the completeness nor the 
aebp^j^o^the following list ;*the foreign bells are 
tabfen from book v^hich I mentioned before, in 

some cases cor£ected.by private informatiqji, which I have 
got«fr6m*/riends of my own who have measured some* of 
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the bells, or from architect* alfroad whc 


\ 

alfcoad who li^ve bee^ 
eofflpm and dimensitafe;*’- 


kind enough tq.setfcKfigure^ seoypm and dimensiftfcfe; 
of them. , Some of the figures ^ given here camnot 
possibly ibe* accurate, blit I do not know ^hat t 6 


substitute for tliemS 'Tor iiktance^ without* going to 
the forcigp bells, it is impossible tlijt a belief tbb size, 
x^pte, and thickness of Peifer of Exeter (of whibh jf have 
a full sized sectio^can we*igh anything like s^/fcons, 
which i$ its repnted weight : f do not Vslicvc St is 5? 
Moreover it is evident that Ottc uses diffe/^nt measures 
of length, and probably of weight >also, ffor bHl$ in 
different countries. For he puts down the Erfurt bell 
as only 8 ft. 3 in., and the Pans cftie as 8 ft., and 


^fontrcal 8 ft. 7 in.; whereas I know from tw r o inde- 
pendent sets of measures and sections which I have. 


that the Paris bell is exactly the saipe size as Montreal, 
•and Erfurt half^an inch wider. * 

It is oudmt too that either the w r dght given for the" 
bell at Sens is too* great, or 'thejsize too little : from 
these specimens 1 should j-attier "suppose tlfe latter. 
The measun s I have given mgy be reflSJu^on, 1 think, 
for the bells at Moscow, Cfologne ,• Ji$me^ au<VMatta, 
besidcs^rfurt, P«ris, ahd the English ofics,»inefuding 


Montreal; but there is nothing more than reputation by « 
w r ajr of Authority for any of the# weighs, except of the 
modern English *bells and old Tom o£ Li^(foln,^hich' 
was broken up ih 1835 to bf* recast; and ^i4/evi^cnt 
exaggeration of the Excfcr Kfiij i<? ft Warning against 
accepting these tratjifcons^oo* ircmlreitl v. ^ v ff x^the 
diameter of the St. Paul's bell figuirtf^mill in n$Aiy 
« bo^ks^as 9 feet, Astca^l of 6 ft? g ii^ ^ y . * 

Jpgivc flic weights oS tfie two great Russian Wb by 
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\j71lculatjon from thpir fefte f and thickness, which is 
' W 3 $ly done, from t^eir similarity' to ^the Westminster 
pattern. J have see^i even a larger weight than 8 cwt. 
given fpr the clapper of the Paris bell ; but fihe 8 ctft. 
agreed prfitty well yvith th6 drawing** but if fhe drawing 
I havfe of the Erfurt clapper is right iVcapnot be jso 
heavy , as 4 Otte gives it. Out clappers are of a better 
shaj$£ than , the foreign ones, tl/ohgh generally too 
di^ht.^ ' y \ ^ 

L have no' doubt that some of these bells are bad 
ones/^r tl&ey weuld have* a greater reputation than 
they haye. The Erfurt bell is the^ most famous qf all 
the very large cfaes, and probably that of Paris next, 
though there are two opinions about that ; tlxc Cologr*, 
and Lucerne bells I have heard well spoken of. We 
have ample pVoof /at home, at York, St. Paul's, and 
Oxford/ that large bells may be r thought not worth, 
ringing after costing a great sum of money, or may 
sound no distinct potc, or mayfbc supposed to be 
cracked "because they are po bad. I aip. told that the 
bell of St. Veter jf at Rqme 1 ’ sounds as ill as it ought 
ta do fl»om its qxtromcly bad shape ; I have a model of 
it, and it 'is loaded also with ornaments in lr^-Aelicf, 

, which are sure to injure the sound ; but the shape is 


such tKat it ifu bf vo*y little consequence v/nat tjjp 
decoration # is. . The Westminster be^ls arc all rather 
Bha^D ofLike nqtes her$ indicated; according to .the pro- 
pose 4 universahpitch, \}i{ whifch A has 870 vibrations in 
a fiepAjjjdijgnd so ill ^th<! Canterbury bell. 
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45. filing and tinilur foundations of one 
of the large pifei of Chtpstow bridge. 
40. Plan of 1 *e , e^vad. 11 of do 

47. K* buy 1 sertu, of one of the piers. 

48. Newcastle and Carlisle lad way b-idge, 

over the rncrTjur at Scotswood, by 
John bla. kmore, plan and elevation. 

49. 50. Sc rtions and detail* of dn, 

51. Elevation and plan of bridge over the 
Eden at Curb sit, In Sir R. Snnrke 
5*2. Elevation of one of tie arches, with a 
p«ei, snd the nortn abutment. 

62a. ihe nl . * nsec' • arches of do. 

63. Plan and th vation the bridge erected 

over the Thames at Stages. 

64. Elevation anca nluns of the WelLAcy 

bridge at Limerick. 

66. Elev,* ion of pier and half -arch, with 
1 longitudinal section, pi In and section 
of balusti r, transverse scctuyi through 
the crown and smindnl 
5fl. Bridge of Jcnn, plan and election. 

57. Do elev at m of one of the land arc' es, 
with section ,of towing-path and re- 
taining wall, t»* ) -.vViVt *ction of t lie 
bridge at the springing of an arch,' 
plan c' do , transverse sec on of the 
% "^Tinrongh the# entre of one of 

the 1 miarf ies ' ill. of the abutments, 
retaining walls, fee. 

68 Elevation of the Devil's bridge over 
< the Serrluo, ncarL Ta, Italy; plan, 


69. 

flo 

01. 


lnyfaoS and cross sec' on. 
Bridge at r< 


cross the iv tyJ' rth at St' ling, 
bv.R blevenson, elevation. 

Long tucliual section . f the same. 

, Tj nbtr budge on the l T ticn and Syra- 
cuse 1?^ IwJ,, Unite' 1 States, syans 01 
40 und ht feet. e 

62 Do., s]Van of Co feet. y 

63. Do., levation, jilan sw! cross so tion, 
( ipad of 88 fed. f 

flj« ^ — *r- morction-N _ 

fit. D\., plan, elevatid,, a. 'f cross section, 
an of 81 feet. * 

1 nnber bridge, span of S2 fc et. 

66 Abutment f >r a bridge of i feet span 
. over yie Ontfida Creek. 
x 68 ’“'.estle judge, Oneida Creek Valley, 
span of 29 feet, 1 J 

flTrW, elevation of span of 100 feet. 


section. 

68. Tr< stle bridge, Ono* dago Creek Valley, 
span of 29 icet. * «, 

A gieat varu ty of d tails of joinery. 

». Pilf dining mac lnne. 

70. Isometneul projections. 

70a, 1 ou^ wTical projections of iron plate. 

70b. Do/ y 

70c Do. * 

7od. Do. 

70e. Do. 

/0/. Do., culverts. 

7 tyf. ' iacW' under e canal. 

71. Remains of the bm e over the A*JJe, 

at T.1//0, the Milahcse. 
t "2. Fly iron bridge, near cathedral. 

73. Details of do. 1 

74. Do. 

75 Do. 

76. Haddlesey bridge, over the Aire, York- 

shire, details of the in n-work, 

77. Do. 

7« l>o. / 

7<L Do. 

80. Do., sections of structure. 

81. Do., plan, iron balustrades Ac, 

82. Do., cli tails. * - 

83. Do., elcuuion. 

84. London and Blarkwii; Rail wav bndge 

over the Iaa, elevaMon and plan. 

85. Do., sections and details. 

86. Do., sections, enlarged view of railing. 

87* Isometncal projection of the susp» union* 

bridge at Batloch ferry, constructed on 
Mr. Dredge’s principle 

88. Porronet’s design for the bridge over the 

Seip. at Melun, sections, Ar. 

89. Brighton chain pier, portions of con- 

strurtm detail. 

90. Wreck of do. 1 Oct. 1833. 

y.. J»* >. 

92. Longitudinal and transverse sections of 

cast iron swing budge. 

93. Longitudinal sc etion and transverse do.. 

j lan of turung-plate, frame, aur 
ued-plute raht-n- ,ng {ulge. 

94. Elev u. 1 .uid plan cast-roti s vug 

brid-e, PI > mo util. 

91. Gerrard’s Hostel bridge, Cambridge, 

erec ted by the Butterlc v Company, (W* 

C. M\lne,y elevation and pra . 

96. Do,, sections and details of do. 

97. Do , transv n rse section «>l do. 

98. Fribourg suspension br lge, general 

elevation, with a section of the valley 
* of the Sarnie and ol the mooring 
shifts, Ac.; general plan, ends of 
mam piers, with approaches enlarged, 
Ac. 

99. Do., sections and details if do. 

100. itiOtf Do. do 

101. l’rofc ssor L.' seley’s diagrams of the • 

a' :U. 

102. Do. 

103. Do. * 

104. Robert Stevenson’s elevation of a chain 

bndge upon the cater arum pnuciple. 








